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ABSTRACT
This article reviews the legal developments of
water pollution laws as applied to Alabama water
systems. The evolution of current day enforcement
of these laws through the concepts of riparianism
and appropriation is cited. The present Alabama
codes are referred to for insight into the application of these laws through several court cases.
Through these historical and generic developments, future needs and requirements of society
with regard to the legal and technical aspects of
water pollution abatement are emphasized.
I.

INTRODUCTION

Pollution, like the "poor" mentioned in the Bible, will always be with
us. The vastness and complexity of industrial and municipal pollutants
coupled with monetary restraints for correcting the situation makes one
believe that it will be "pollution" rather than the "meek" that will
inherit the earth (Matthew 5:5).
It seems fair to say that the first steps in reversing past trends must
come from government and the legal community. This is not to say that
the private citizen should. be exonerated of responsibilities. Individuals must make their contribution; however, their capacity will remain
relatively small until a severe situation develops. "In 1308, a luckless resident of London was executed for violating a Royal Proclamation
prohibiting the burning of coal in furnaces" (Esposito, 1970). Such
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stern measures are not being advocated for our modern society but the
optimum constraint must be between the above episode and present
activity. Government must accept the responsibility for legislating
laws with "teeth" to effect the necessary control. In the absence of
such legislation, the courts and legal system must use responsible
and considered judgment in applying the common law to the situations
at hand.
Scientific know-how and technology have advanced to an all-time high.
With the fantastic accomplishments of scientists and engineers during
the past ten to twenty years, it is incomprehensible that some would
take the position that adequate knowledge is not available with the
inference that many years would be required for only a partial solution. Only when the government, legal community and public opinion
apply the necessary pressure to remove restraints from technologists
and redirect their talents toward a solution of the problem will rapid
progress be made in this area .
Pollution is a subject with which lawyers throughout the country are
becoming increasingly cognizant and concerned. Thoughts by the great
legal minds of our society are cited in this paper to establish their
assessment of the magnitude and complexity of the problem, to present
laws and their adequacy, and to show areas where private citizens may
function and items that are needed for the future. Litigation of several cases are presented in support of the views taken. This paper
will restrict itself to the legal aspects of the pollution of surface
waters.
II.

POLLUTION -- A CRISIS SITUATION?

To the uninitiated investigator, the subject of pollution appears to be
hopelessly lost in a misty maze of confusion. Only a cursory review is
required to establish the magnitude, complexity and urgency of the
situation. If this isn't enough to make an impression, a closer look
will reveal the many existing interactions with various segments of our
society which tend to exponentiate the vectors of magnitude, complexity
and urgency. If one then gives an ear to the flak and rhetoric that is
often in abundance, it motivates one to describe the situation as a
"pollution jungle" in which there is · only one completely uncontested
fact - pollution is here. The "ogre" of our jungle takes many forms,
colors and smells. Many now feel that if immediate action is not taken,
this rampant "beast" will ravage our habitat and challenge the very
existence of mankind. This challenge may come in the form of a denial
of an adequate water supply and/or through disease.
Edwards (1968) describes water pollution as a race against time. It is
estimated that by 1980, this country will be withdrawing and using its
total limit of fresh water. If this prediction is accurate, an aggressive prog~am is needed immediately to abate water pollution, expand
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water resources and develop programs designed to enable society to use
and reuse the water supplies available.
Possibly the most evasive aspect of our "ogre" is his relationship to
disease. It is difficult to quantitatively identify and prove that the
tracks leading up to the scene of the crime are those of the "ogre".
Esposito (1970) states:
"There is an increasing body of evidence that air and
water pollution are responsible for any number of short
and long term hazards to human life; including, but not
limited to, heart disease, chronic bronchitis, emphysema,
the reduction of the body's resistance to other diseases,
eye irritations, skin problems, pois~ning of the blood
and gastronomic system, cancer, hepatitis and other viral
diseases, radiation damage, genetic mutations, poisoning
of crops, meat and fish for human consumption and general
changes in the ecological balance which may threaten continued human existence."
He continues to lend support to the disease carrying capacity of the
"ogre" and in addition conununicates an idea. related to its magnitude
by stating that:
"· •. the economy annually manufactures for each American,
one thousand, five hundred pounds of air pollutants;
several pounds of ingested chemical food additives; pesticides and veterinary drugs and an incalculable number of
waterborne diseases."
One may ask at this point, what has been done and is being done to
control this rampant "beast"? An attempt is made to relate developments
in this area in the next section.
III.

LEGAL DEVELOPMENT OF WATER POLLUTION LAWS

Historically, it seems that man has maintained the idea that streams,
rivers, estuaries and the ocean were infinite and, in general, little
concern was manifested in relation to our "ogre" and his environment.
In the early development of this country, concern revolved around diverting or danuning a stream used for small mills and factories. Conflicts
were inevitable during the low flow season when one riparian owner
deprived another of water use.
In modern times, with increasing requirements for domestic, municipal,
industrial, agricultural and recreational uses brought about by a
burgeoning population, our attitude is in a state of rapid change.
Water is being conceived as one of the most important natural resources
with a direct role in the determination of the destiny of man. More
importantly, water resources are being viewed as a finite entity rather
3

than an infinite one, with the resolution that measures must be taken
to protect existing supplies through local and national control, and
with additional water supplies being planned and developed as they
are required. It is the opinion of the authors that it would not be
in the public interest to completely annihilate our "ogre" but rather,
place suitable controls on this "beast" in such a way as to optimize
the benefits of available water resources.
The purpose of this chapter is to trace in generic terms the·
development of water pollution laws in the United States and then to
turn attention in specific terms to the State of Alabama. Actual cases
litigated in courts are cited. State institutions entrusted with the
task of controlling the activities of our "ogre" are cited to gain a
vantage point with respect to the functioning of our local system.
Generic Development in the Unites States
'.' . . A significant fact about most water law in the United
States is that it is based either on an ignorance of or an
implied denial of the hydrologic cycle or other natural
physical phenomena. . . . It is well known that all water
resources are interrelated and normally pass through various
stages in a hydrologic cycle" (Grubbs and Cohen, 1970).
This water cycle, first described by Job (36 : 27,28), one of the most
ancient writers of the Old Testament may be stated in modern terminology as follows: water vapor in the atmosphere condenses or precipitates and falls to the earth; flows over land as surface water;
runs into surface waterways; collects in various reservoirs; seeps into
the ground and becomes a part of the ground water supply; moves slowly
to estuaries, gulfs and oceans; evaporates from oceans, lakes, streams
and land to the atmosphere where the cycle is repeated.
The natural occurrence of water has not been used by lawmakers to
segment the various waters over which specific laws would apply.
Instead, an arbitrary system has been used which consists of rivers,
streams, lakes, underground streams, percolating waters and diffused
surface water. Surface waterways may be legally defined as surface
waters moving in a natural bed with well defined banks. Underground
streams may be defined similarly as underground waters moving through
well defined natural closed channels. If underground water cannot be
fitted to this category, it is assumed to be percolating waters.
Diffused surface water or surface run-off may be construed as any
water that has not as yet become a part of a natural stream or has
seeped into the ground (Grubbs and Cohen, 1970) . Due to the diversity
of laws governing each category, and space limitations, only the laws
pertaining to surface water-courses will be considered.
Two general doctrines have emerged from the evolution of our legal
syst~m.
Local annual rainfall and the availability of water resources
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were r esponsible for this diversity . In the humid southeastern c limate
a doctrine emerged that was dubbed "riparian" whereas in the arid
climate of the west a doctrine known as "appropriation" carne to the
fore f r ont (Grubbs and Cohen, 1970) . These doctrines are discussed
s eparately in succeeding sections .
Ripari an ism .
A land owner whose pr operty j oins a waterway i s known as a riparian owner
and is entitled to the use of the water. These rights are attached to
ownership . Therefor e , use or non-use has no effect on these rights. In
addition, a r i par ian owner cannot transfer his rights to another entity.
Riparian r i ghts have been interpreted by some court s from two points of
view whereas some do not recognize a division.
The natural flow theor y states that a riparian owner may not impair or
diminish flow in any manner that may i njure riparian neighbors. When
conflicts ar os e, judgment was based on a hi erarchy of preferences . In
most cases , domest ic uses outweighed industrial and other uses . During
the eight eenth century , most of the conflicts arising from water rights
stemmed from intent ional injury . The courts during this period tended
to apply a vers ion of the golden rule, that of maintaining the status
quo.
However, the indust ri a l revolution left its mark with the emergence of
the reasonable use concept . In many cases , the courts held that flows
could be diminished i f the use was reasonabl e (Grubbs and Cohen, 1970) .
This concept seems to have led to the general tolerance of industrial
pollut i on discharges into waterways .
The second division of thought , which emerged in the western states,
that of "appropriation", is the subject of the following section.
Appropriation .
The doctr i ne of appropriation which developed in arid climates of the
United States insured that rights to the use of water were obtained by
use rather than ownership as was characteristic of the riparian system.
When conflicts arose, judgments were based on a seniority system.
Senior appropriators with respect to longevity were served first with
remaining resources, if any, going to junior appropriators.
This syst em seemed to be simple and workable , but, analogous to the
ripari an system , difficulties arose which resulted in inconsistencies
in approach. Many d i versities emerged with some states adopting a
combination of these two doctrines. Other states i nstituted a doctrine
of preferentia l rights. Essentially, a hierarchy of preference was
established similar to that of riparianism (Grubbs and Cohen, 1970).
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Dean Frank Trelease (1955) of the University of Wyoming Law School
summarized the situation as follows:
"Throughout this mass of law runs a single unifying
thread: some uses are more important than others and
should receive some type of favored treatment. Yet it
is strikingly apparent that the diversities in the law
far out number the similarities. There is wide variation
as to what shall be preferred and how the preference is
to operate. There is general agreement only in that man's
personal needs come first, so that domestic and municipal
purposes head every list, and there seems to be a fairly
uniform resolve not to let waters run unused into the
seas, with the consequence that power.and navigation operations are generally found near the bottom. But irrigation, manufacturing, mining and railroad transportation
jockey with each other for preferment in the middle ground.
There is no uniform effect given to preferences even for
one particular purpose; for instance, domestic users are
given an absolute preference in some states, a right to
condemn in others and only a better chance to receive a
permit elsewhere. Many states have not consciously chosen
any order of preference other than that of giving communities the right to condemn a municipal supply."
It seems apropos at this point to apply riparianism to pollution
control since this doctrine applies predominately to the southeastern United States. Limitations of this system will be given
also.
Willrich and Hines (1967) state that the riparian right is the right
to have water flow by one's land "undiminished in quantity and unimpaired in quality". If this doctrine were strictly enforced, no
riparian could remove any water or add anything that was not already
there. Practicality, therefore, i.1as forced the adoption of the
"reasonable use" theory. "Reasonable use" is a question of fact and
must be deliberated by a jury; each case must be decided on specific
facts of the individual case.
A riparian can bring action against a defendant for discharging
pollutants into a stream if it can be proved that these discharges are
causing an actual harm to the plaintiff. Assuming that pollution discharges are unreasonable and that injury can be prcved, the riparian
may recover damages for his injury, may seek an injunction to prohibit
further discharges or he may pursue both remedies. Actions of this
type are, in many cases, based on the thesis that the pollutants constitute a private nuisance (Willrich and Hines, 1967). From a cursory
look one may conclude that these actions are fairly simple and straight
for·'lard, but in actuality, there are several inherent difficulties
wh1ch should be considered.
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Proof of actual injury may be a difficult task within itself. In cases
of moderate levels of pollution where streams have not been totally det eriorated, injury would be difficult to establish. The greatest hurdle
seems to be to prove that the defendant's discharges are responsible for
the damages in. cases where other riparians are discharging pollution
effluents into the same stream. When the polluted state of a stream
r esults from a multiplicity of sources, it is almost impos ~ 1 ble to prove
that a particular defendant's pollutant is responsible for the damage
(Willrich and Hines, 1967).
Private remedies have not been an effective constraint on water pollution
of streams . This is part~ally due to difficulties in massing the neces sary f unds, facts and expertise in technology to initiate an effective
suit. A great disadvantage of this system is that it restricts action to
the riparian and denies a remedy to local citizens. Public controls have,
in some cases, been provided for but in actual practice have been a
miserable failure. "Historically, the difficulty with this type of control has been the extreme difficulty experienced by the few people mos t
directly affected by the pollution in energizing the appropriate public
of fi cials" (Willrich and Hines, 1967).
Essentially, local and state governments have defaulted to the federal
government in many of their control functions . The response from
Washington to this challenge has been a subject of much debate in recent
years.. In the following section, an attempt is made to examine these
efforts.
The first clear entry into the pollution control problem began in 1948
with the passage of the Water Pollution Control Act. Amendments to this
act were made in 1956, 1961 and 1965 to expand its activity. Areas of
responsibility include support for research on waste disposal, technical
s ervices to the states, grants to the states, financial support for new
municipal disposal facilities and enforcement of pollution controls on
i nterstate or navigable waters. Only the latter aspect of this act will
be considered here except to note that Willrich and Hines (1967) feel
that the former items had a greater impact on the pollution problem than
the control feature prior to 1965.
The Federal Water Pollution Control Act states its policy as follows:
"It is hereby declared to be the policy of Congress to recognize, preserve
and protect the primary responsibilities and rights of the States in preventing and controlling water pollution" (Navigation and Navigable Waters,
1970) . With this in mind, let us turn our attention to the control aspect
of thi s act to examine its scope of application and how it works.
It has been noted above that jurisdiction of control was restricted to
i nterstate or navigable water. In actuality, this restriction is not as
s ignificant as may be indicated by a first glance. First of all, this is
due to the fact that t he administration is additionally authorized jurisdi~tion over tributarie s of interstate streams . Secondly, the administration views the test of navigability as follows: a stream is navigable if
7

i t i s navigable in fact or has once been navigable or by t he reasonable
expenditures of funds can be made navigable (Wi l lrich and Hi nes, 1967).
Thirdly, the act makes provisions for action in intrastate cases when
requested by the governor of that state. Such action is at the discretion of the administration and may be withheld if deemed expedient
(Navigation and Navigable Waters, 1970). In interstate cases , the
administr ation may act on its own initiative to seek correcl:ive action.
Sequential procedure may be divided into three stages for enfLrcement
actions when it fails to obtain the necessary action t o correct a given
situation. Federal and state authorities meet to assess t he problem
and determine what corrective steps need to be taken . A reasonable
time is es tablished for the implementation of the plan and the state
is encouraged to exercise its own authority to effect execution of t he
agreed plan (Navigation and Navigable Waters, 1970).
Further action is not required if the plan above is executed. If
remedial steps are not forthcoming, a public hearing is called . A
board of at least five members is established to survey the situation
and make recommendations. The board consists of persons from the state
affected, the Department of the Interior and other int erested federal
agen cies. Recommendations of the board which are forwarded to the
specific polluter include a reasonable time in which to abate pollution
activities (Navigation and Navigable Waters, 1970). If corrective
act ion is not initiated within the alloted time •. further act ion is
required and taken.
The Attorney General is requested to bring suit agains t t he defendant
polluter. In intrastate cases, a suit can be filed only if requested
in writing by the governor of the state, (Navigation and Navigable
Waters, 1970) . This system at best was sluggish due to the time required to effect a final solution; therefore, modifications were
required to update the system.
In 1965, amendments were passed which defined a new procedure to
establish water quality standards for interstate waters and modified
procedures for effecting control. Provisions were made which allowed
each state to adopt its own water quality standards but were subject to
approval by the federal agency. If a state established its own standards,
these became the standards applied for waters in or bordering t hat particular state. If the state did not establish its own st andards within a
specified time, standards were speci&ied by the administration for inter state waters of the state (Water Quality Act, 1965). With t he establish ment of water quality standards, action could be brought against a
defendant polluter by U.S . attorneys following a one-hundred-eighty-day
advance notice (Edwards, 1968). Actions for intrastate waters remained
contingent on the governor's written request.
The preceding di s cuss ion concerned itself with a general overview of the
legal constraint s placed upon our rampant "ogre". Admittedly, it does
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not appear as if· this "beast" has been jailed, but some authors
(Willrich and Hines, 1967) feel that great strides have been made in
this complex area. Attention is now turned to the State of Alabama
to see how our "ogre" is faring .
Water Pollution Laws in Alabama
Statutory laws in Alabama dealing with the various aspects of water
resources are acutely limited . This is due primarily to the large
quantities of fresh water that have been available in the past for
domestic , municipal, industrial, agricultural and recreational uses
(Grubbs, 1970) . In the absence of statutory law, the legal system
has relied on the application of the English common law.
"In the earliest reported case, the Alabama Supreme
Court in Hendricks v . Johnson denied any right to prior
appropriation, and, although the court seemed to talk in
terms of both reasonable use and natural flow, no obvious
choice was made (Hendricks v. Johnson, 1959)."
Even though not specifically stated, this case seems to have set the
stage for the adoption of the riparian and natural flow doctrines.
During the years following the Civil War and with pursuant industrial
progress, the natural flow and reasonable use theories were adopted.
This was brought about as a result of the necessity of running water to
provide energy to small mills and factories. These doctrines flowered
in the famous case, Ulbritcht v. Eufaula Water Company (Ulbritcht v .
Eufaula Water Company, 1889). The water company had gained access to
a stream by purchasing a piece of property from the plaintiff. During
the dry season, a majority of the water was removed and used by the
Eufaula Water Company. The lower court held and was affirmed by the
Supreme Court that the defendant could not consume such quantities of
water as would injure the plaintiff and that use or non-use by the
complainant would not impair his rights.
More important to the subject at hand, the court's statement noted that
the defendant was entitled to a "reasonable use" of the stream. "Reasonable use" was the concept that opened the door in the latter part of
the nineteenth century to permit the iron and steel industry to pollute
streams even though contrary to the natural flow doctrine. Legal philosophy evolved so as to encourage the development of natural resources
(iron and coal).
It is not surprising that the Alabama Supreme Court adopted the attitude
set forth in a Pennsylvania decision, Sanderson v. Pennsylvania Coal
Company (Sanderson v . Pennsylvania Coal Company, 1878). Views of the
case were that persons who settled in a mining region knew that mines
would return natural waters from the mines into the streams and trifling
inconveniences render ed as a result of these pollutants must be cate-
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gorized as secondary to the necessities of industrial development.
The pendulum tended to swing to the extreme during this period.
Courts generally recognized that riparians were entitled to damages
but did not permit injunctions against the defendant (Grubbs, 1970).
As time passed, the pendulum began to reverse its swing. The cases
of Elman v. Ingalls (1945) and Montgomery Limestone Company v. Vearden
(1952) indicated that the courts had reversed themselves with respect
to injunction. In the latter case, the plaintiff charged that the
defendant employed "a power-operated pump to remove sludge, rock,
limestone, dust, sand, sediment and other impurities which gather in
the quarry and discharge them into the stream of water running through
appellee's land and thereby discoloring said stream, rendering it
unsanitary and unfit for cattle and livestock consumption ... " An
injunction was sought against the defendant to halt pollution of the
stream and to recover damages. In Note 4 of the case it is stated
that:
"In proceedings to restrain pollution of streams the
exigencies of great industrial interests must be kept
standing in view and property of large and useful interests
should not be hampered for trifling causes, slight inconveniencing or even some degree of interference with
agriculture and owners of land on streams must yield, within
limits, to those interests."
It was held in this case that the alleged facts went beyond that
permitted in public interest. It is important to note the statement,
" ..• there is a limit to the duty to yield."
These later cases seem to indicate a shift in these courts' op1n1ons
in becoming somewhat more sympathetic to the injured riparian. However,
the burden of proof of injury remains with the riparian and is subject
to the hazards discussed at an earlier time.
Grubbs and Cohen (1970) note several statutes passed by the Alabama
Legislature during the early 1900's concerning nuisances. These
statutes will be cited due to their potential application in the
realm of water pollution.
Title 7, Section 1085:
All municipalities in the State of Alabama may
maintain a bill in equity in the name of the city
to abate or enjoin any public nuisance injurious to
the health, morals, comfort or welfare of the community or any portion thereof.
Title 7, Section 1088:
Nq manufacturing or other industrial plant or
establishment, or any of its appurtenances, or the
10

operation thereof, shall be or become a nuisance,
private or public , by any changed conditions in
and about the locality thereof after the same has
been in operation for more than one year, when
such plant or establishment or its appurtenances,
or the operation thereof, was not a nuisance at
the time the operation thereof began ; but the
provisions of this article shall not apply when ever a nuis ance results from negligent or improper
operation of any such plant, establishment or any
of its appurtenances (italics added).
Title 7, Section 1089 :
The provisions of the preceding Section shall
not affect the right of any person, firm or corporation to recover damages for any injuries or
damage sustained by them on account of any pollution
or change in condition of, the waters of any stream,
or on account of any overflow of the lands of any
person, firm or corporation.
It has been suggested that these statutes have not often been interpreted
(Grubbs and Cohen, 1970). Courts have tended to find negligence as a
means to circumvent these statutes . In the case, Stone Container Company
v. Stapler (1956) the subject mandates were cited. In its reply, the
court stated:
But the prov1s1ons of that section are not a bar to
i njunctive relief in the instant case, for it is expressly
averred that the condition for which complaint is made is
caused by the negligent , improper or wrongful manner in
whi ch respondent discharges the water from its plant into
the creek.
Even though Sections 1085, 1088 and 1089 have been avoided in the past,
they appear to have considerable potential in water pollution cases.
The i mpa ct of these statutes on future litigations is certainly unpredict abl e. It is comprehensible this could become a strong arm in
br i nging relief to injured plaintiffs .
At tention now will be turned ·to state agencies who have the responsibility
of insuring water quality in Alabama. Essentially, all divisions of the
st at e government have some degree of responsibility in this area; however,
only t he Water Improvement Commission , (WIC), will be considered in detail,
due t o i ts prime importance in the area of regulatory functions .
The aut hority for the WIC is Title 22, Section 140 (6)-(12). It was
creat ed i n recognition of a need for the improvement and conservation of
water r esources and the right of reasonable use thereof by municipalities,
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industries and the public. Administratively, the commission make-up
consisted of fourteen members as follows:

CHAIRMAN

State Health Officer

VICE CHAIRMAN

Director, Department of Conservation

Commissioner, Department
of Agriculture & Ind.

State Geologist

Two Representatives
of Local Govern.

Two Members From
Wildlife Conserv.

Six Industralists

It is important to note the weighted membership by industry. Much
criticism of the WIC has centered around its laxity and composition
of membership. This is somewhat analogous to the farmer who posted
Mr. Fox as sentry for his chicken coop.
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Responsibility of the WIC is centered primarily around the control of
pollution in the waters of the State of Alabama. Specifically, it has
the power and duty to:
1. study, investigate and research problems related to the
improvement, conservation and purity of stream waters;

2. conduct pollution surveys of streams in the State and
promote water conservation and the abatement of stream pollution;
3. cooperate and advise industries and municipalities in matters
pertaining to water quality;
4. exercise general supervision over the administration and enforcement of all laws relating to water poflution;
5. establish water quality standards in relation to reasonable
and necessary use;
6. issue permits with specified regulations concerning the
discharge of pollutants into streams, make periodic investigations
to insure compliance, issue orders to cease unauthorized practices
with regard to the discharge of pollutants into Alabama streams;
7. issue reasonable orders to polluters to obtain operating
results toward the control of abatement of pollution (Grubbs and
Cohen, 1970).
It is readily seen that the charge of responsibility to the WIC is great
and to effectively discharge this responsibility will require dedication,
trained personnel and huge sums of money. It is interesting to note a
trend, even though perhaps slight, that has appeared on the horizon
relative to the attainment of the desired goals.
In the 1971 session of the Alabama Legislature, a water pollution bill
was passed which essentially performed a minor operation on the WIC but
may have major effects. Membership of the commission was the major
change. The chairman and vice-chairman remained intact as shown previously. Instead of the twelve lower level members as provided for in
the "old" commission, the new bill specified only five and are as
follows:
1.

a licensed physician qualified in water-borne diseases;

2. a registered professional engineer with expertise in the
area of water resources management and water supply;
. 3. an attorney, practicing in Alabama, who is qualified in the
f1elds of water supply and riparian rights;
_4. two members with no special qualification but who have been
res1dents of the state for a minimum of two years.
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Restrictions placed upon the membership are impressive.
from the bill:

Quoting

"No person shall be eligible to serve as a member
of the Commission who is an officer, employee or agent,
or who is a stock holder owning 7.5 per cent or more of
the voting stock of any corporation or organization
holding a permit from the Commission for the discharge
of waste or sewage into the waters of this state, or
who is an officer, employee or agent of any trade
association which represents a corporation or organization holding a permit from the Commission for the
discharge of waste or sewage into the waters of this
state, or who is an employee of any municipality
depositing or dumping waste or sewage into the waters
of this state."
This absolute denial of membership to those who have even an
outside interest in discharging pollutants into state streams
could have a dramatic effect on the actions of the WIC. Another
point which seems noteworthy is the apparent quality-oriented requirements of the commission members. A qualified staff is surely
a prerequisite to a solution of this difficult problem of pollution
control.
From the preceding discussion, it seems that our "ogre" has had
relative freedom to roam his habitat; to plunder and pilfer at will
with few encounters by his pursuers. However, the stage is set,
hopefully, for a systematic, scientific, rational and reasonable
"tightening of the reins" on the "beast" to maximize benefits to all
segments of society. Consideration is given in the remaining section
to the needs and requirements of the future.
IV.

FUTURE NEJ?DS AND REQUIREMENTS

It has been estimated that the average city dweller consumes daily one
hundred fifty gallons of water, four pounds of mood and nineteen pounds
of fossil fuel; discharges one hundred twenty gallons of sewage, four
pounds of refuse and one and nine-tenths pounds of air pollutants.
(American Petroleum Institute, 1968). Coupling this prediction with
the rapidly increasing population, it may be seen that water resources
are certain to suffer deleterious effects if past trends persist.
Many authors, such as Graham (1966) in his book, Disaster by DefaultPolitics and Water Pollution, paint. a doomsday picture. This author
feels the case is over-stated in these dismal portraits - but - if our
society continues to be complacent and to procrastinate in its responsibility, such depictions will be an inevitable reality. It seems
reasonable to say that time is certainly of the essence.
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A doctoral dissertation is presently being pursued that is directly
involved with the engineering aspects of water quality in Mobile Bay.
In this concluding section, several opinionated requirements which
stern from the cited research and readings for the writing of this
paper are discussed under the divisions of "technological" and "legal" .
Technological
Evidence is in abundance that the credentials of our scientists are
impeccable and will not be dealt with here except to note that any
polluter that tries to hide behind the blanket of ignorance and
exonerate himself of responsibility is certainly on dubious ground.
The items sorely needed in this area are a redirection of talent
accompanied by adequate funding. Effort is needed at the individual
plant level and at a higher more general level which would consider the
effects in a total stream or region. The quantity of research carried
out in the former area is difficult to ascertain. The latter area is
in its infancy but some excellent work by Masch (1968) and Pike (1971)
has been and is presently being carried out . At this point, let us
briefly consider several specific requirements.
Detectjon System.
The beginning point appears to be a detection system. In most cases,
the only water qualitr detection done is the manual taking of samples
from a stream and shipping them to a laboratory for analysis. This
method is not satisfactory due to its noncontinuous nature, expense
and time delay in obtaining results. Instrumentation is presently
available that will measure water quality continuously. Information
relay systems such as telemetry could be used to transmit ~ia satellite to interested agencies. If such a system were an actuality, it
would facilitate an injured riparian in efforts to obtain relief.
More importantly, it would give Federal and State authorities the nec essary information to insure water quality standards by taking the
required action against offenders. The rapidity and continuous nature
of the system could be used to ascertain trends and possibly avert
crisis situations. Such information would be u.s eful as boundary conditions in predictive mathematical models.
Mathematical Model.
~athematical

models, based on a computer solution of the equations of
change, are in an early stage of development. These models may be used
to accurately predict water quality characteristics as a function of
time by specifying only attendant boundary conditions. These models
will be very important in water quality control and management.
The utopia in detection and predictive systems would be close to
worthless without control authority. Therefore, one must look to our
legal system for wisdolli and considered judgement in formulating the
necessary statutes and/or application of the common law for regulatory
measures.
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Legal Aspects
The doctrines of riparian rights and natural flow have been difficult
to apply and have been ineffective in the control of pollution. The
Federal Water Pollution Control Act and the Alabama Water Improvement
Commission have had only limited success in groping with this problem
as evidenced by increasingly polluted streams. Inherent difficulties
are so complex that it staggers the imagination. Industries, manufacturing plants and municipalities are essential to the maintainance
of the standard of living that we desire. However, the gravity of the
situation makes it necessary that legal aspects evolve in such a way
as to bring firm pressure to bear on polluters with maintenance of the
delicate balance between the necessity to reduce pollution and the
necessity of industrial progress. Industrial and consumer goods are
so intermingled that severe detriment to a particular type of industry
may bring chaos and an unbearable burden on other industries which may
create a snowballing effect. In addition, the profit structure of
some industries would not permit the large expenditure of funds that
would be required without substantial increases in selling price. It
may, therefore, be necessary or desirable for local and federal
government to provide economic incentives to accompany water pollution
law.
If the severity of the water pollution continues to increase, it may
become necessary to legislate laws which would manifest a policy of
"clean up or shut down". Hopefully, our "ogre's" evasiveness will
not bring such harsh measures, but rather, a reasonable, systematic,
legal approach that would maximize the benefits to mankind.
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ADAPTATION OF MATHEMATICAL MODELING TECHNIQUES
TO MOBILE BAY FOR WATER QUALITY MANAGEMENT
A REVIEW
Donald 0. Hi 111
Gary C, Apri12
The University of Alabama
Tuscaloosa Campus

ABSTRACT
This paper is intended to focus attention on the
mathematical model as an effective tool in solving
problems associated with water resources and pollution
within Mobile Bay. Models developed for similar water
systems and reported in the literature were considered
to minimize duplication of effort in applying this
method to Alabama coastal waters.
The model adopted is a two dimensional (surface)
one based on the equations of change for open systems.
This includes the analysis of the hydrodynamic
(current), thermodynamic (temperature) and material
transport (salinity) properties within the water mass.
Preliminary evaluation of the selected model has been
initiated with the cooperation of the Corps of Engineers
and the Alabama Department of Conservation who are presently compiling data on the Bay.
The capability to determine dissolved oxygen concentrations as a function of the physical and biological
(BOD) characteristics of the Bay will be added during
the coming year.
I.

INTRODUCTION

In modern times, there has been an increasing requirement for domestic,
municipal, industrial, agricultural and recreational uses of water. It
has been estimated that the average city dweller consumes daily one hundred fifty gallons of water, four pounds of food and nineteen pounds of
fossil fuel; discharges one hundred twenty gallons of sewage, four
pounds of refuse and one and nine-tenths pounds of air pollutants
1 Graduate Student , Chemical Engineering
2

Associate Professor of Chemical Engineering
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(American Petroleum Institute, 1968). In addition, by 1980, this
country will be withdrawing and using the total supply of fresh
water. These estimates of the facts, with a rising population, will
certainly have deleterious effects on our water resources.

An aggressive program is needed immediately to abate water pollution,
expand water resources and develop programs designed to enable society
to use and reuse the water supplies available.
One may ask at this point, what has been done and is being done to abate
this problem? A significant development of recent vintage is a rapid
change from the philosophy that streams, rivers, estuaries and the ocean
are infinite and unspoilable. Water now is being conceived as one of
the most important natural resources with a direct role in the determination of the destiny of man. More importantly, water resources are being
viewed as a finite entity rather than an infinite one with resolution
that measures must be taken t o protect existing supplies through local
and national control with additional water supplies being planned and
developed as they are required.
Important to this line of endeavor is a newly developed tool of engineers
and scientists, the mathematical model. Based on a computer solution of
the equations of change, these models may be used to accurately predict
water quality characteristics as a function of time by specifying only
attendant boundary conditions. These models can be very important in
water quality control and management.
MATHEMATICAL MODELING
Mathematical models have been in widespread use in recent years as a
result of high speed computers and the utility of such models. Masch
(1968) describes the mathematical model as" ··· a functional representation of the physical behavior of· a system or process presented in a form
available for solution by an acceptable method." This is to be distinguished from a physical model which is a scaled representation of the
actual system. Mathematical models may be divided into three general
classes:
(1)

those based on the solution of the equations · of change
describing natural phenomena,

(2)

those using correlation of physically significant
parameters by ~egression analysis, and,

(3)

those which are a combination of (1) and (2).

The latter more closely describes the type model that will ultimately
be developed at The University of Alabama. Equations based on natural
law are used whenever possible , but in some cases, equations obtained
from regression analysis must be used to describe certain boundary
conditions.
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Boundar y condit ions aris e as a natural consequence of the solution of
a differential equation. By definition, a system must be definable and
bounded to f inite limits. The outer limits of the system may or may
not affect the system. Boundary conditions are usual ly in the form of
i nputs and outputs of the system which directly affect conditions within
t he system. Typically, a system will have a time dependent variabl e and
will t heref ore be described by a partial differential equation . This
gives r ise t o i nitial conditions .
I

Initial conditions de~cribe the dynamic or static behavior of the
system at some arbitrary time (taken equal to zero). For example, in
a simple flow system, velocities would be specified at t = 0. Models
to be cons idered for estuarine systems are, in general, of the time
dependent vari ety . In some cases, a model is restricted to steady state
conditions and consequently will require no initial conditions for its
solution.
·
Frequently i t is desirable to solve a partial aifferential equation by
numerical methods due to the inherent complexity of the derived equations .
An approximate solut i on can be effected using a procedure called the
"grid" method. After f inite differencing the partial different ial equations, a grid is superimposed upon the system such that the output of one
element becomes the input of another. The computer sweeps the grid
operating on the input of each element with the describing finite difference equation to produce an estimate of the output of each element.
Relaxation occur s and a solution is effected when successive sweeps of
the grid do not produce a significant change in the output of the elements.
Most estuarine models use some variety of this techhique f or their
solutions .
EXISTING MATHEMATICAL MODELS OF ESTUARINE SYSTEMS
In the f ollowing section, a cursory review is gi ven of some exist i ng
mathemat ical models developed to aid in water resources management.
These models are quite useful for adaptation to any specific water
quality study.
Reid - Bodine Surge Model.
Reid and Bodine (1968) developed a two -dimensional, vertically integrated ,
mathemat i cal model to describe the effects of hurricane surges on Galveston
Bay and adj acent l and areas . ·The model , which is based on the equations of
continuit y and motion, takes into account time-varying winds , rainfall,
reefs, and l ow-lyi ng barriers . However, several items are not considered
in t he model. Three of these several items are variable friction, advection
of momentum and Coriolis forces . Solution of the equations is effected
through the, us e of the "grid" method. Tidal surge amplitudes are based on
a reference plane that is taken to be the mean surface level. The model
satisfactori ly r eproduced surge amplitudes created by hurricanes Carla and
Cindy.
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FDM Models .
The FDM Hydrodynami c Model is similar to the Reid-Bodine Surge Model .
Masch (1968) extended the latter model to include spatial and transitory variations . Refinement of the model notably includes Coriolis
forces which can significantly affect flows in large shallow estuaries •.
This model is t wo-dimensional and assumes complete vertical mixing,
i . e . , equations of change are vertically integrated. It is purported
that stability conditions are reasonable and that time required to run
the model is f avorable (2 - 3 tidal cycles) . The model is exercised over
repeated t idal· cyc l es until tides and flows are reproducible over successive cycles . Outputs of this model are then interfaced with models
that are directly pertinent to water quality ~
The FDM Transport Model is based on the species continuity equation .
Development of the equation is similar to the hydrodynamic equation in
several ways . The species continuity equation is vertically integrated
to yield a t wo- dimens ional time dependent equation. A finite difference
approximation is made to permit a computer solution using the "grid"
method.
Water Resources Engineers Models .
A one-dimensional hydrodynamic and water quality model was deve lop ed by
Water Resources Engineers (1966) for specific applicati on to the San
Francisco Bay-Delta Study . The model was developed from t he continuity
and Navier-Stokes equations, (Water Resources Engineers, 1966). It s
greatest utility stems from applications of channel f l ow such as rivers
and narrow bays , however, it may be applied to estuaries through a series
of one- dimensional channels connected at junctions . It is assumed that
each channel has a constant velocity, width, frictional resistance and
cross-sectional area at any given time. Flow is associated with the
channels and storage with the junctions . The model is lim i ted in its
ability to describe features such as deep channels and spoil bqnks due to
the necessity of averaging the depth over the channel and adjacent shallow bay area.
Louisiana Coastal Marsh Region Model . .
Water qual ity studies presently being carried out by the Chemical
Engineering Department at Louisiana State University, Baton Rouge, is
closely related to the work proposed for the Mobile Bay s ystem. Under
the direction of Ralph W. Pike, two-dimensional temporal models (hydrodynamic, energy , material transport) have been developed for application
to Barataria Bay and other marsh areas Pike, et al (1971). Based on the
equations of change , these partial differential equations are finite differenced and solved numerically by an explicit computational technique
using the "grid" method . These models provide for variable bottom f riction, wind and r a infall . Output from the hydrodynamic model is interfaced
with the energy model and dissolved oxygen model. Analogous to the FDM
Models, these paradigms are exercised over repeated tida l cycles until
relaxation occurs .
22
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RESTRICTIONS AND ASSUMPTIONS APPLICABLE TO ESTUARINE SYSTEMS
Estuaries such as Mobile Bay have much in common with other bays and
coastal waters. For example, flows in most bays are strongly influenced by tidal conditions; many estuaries have fresh water inflows;
bays of considerable size are influenced by Coriolis forces; shallow
coastal waters are often moderately to well mixed. For this reason
it is not surprising that various restrictions and simplifying assumptions that are applicable for one system will also be pertinent
to another .
In the following section a discussion of some of the pertinent
assumptions and/or restrictions common to the various models described
in the previous section is presented. These conditions will be considered with the corresponding physical features of the estuary that
validate their use.
Dimensional Considerations.
When one speaks of a one or two dimensional mathematical model, it
generally refers to conditions in a horizontal plane. A two dimensional hydrodynamic model would consider flow changes in both longitudinal and latitudinal directions; i.e. farallel to the water surface.
It must be assumed that changes in the depth direction are insignificant for this model to be accurate. Stated another way, the estuary
to which the model is applied must be well mixed and not highly stratified (or unmixed) . In this case flows from the bottom to the s~rface
can be considered as a constant, average value at any depth. If this
condition can not be justified for a particular body of water, a third
dimension or properties as a function of depth must be considered if
accuracy is to be achi.e ved.
In some cases, flow may be unidirectional in the horizontal plane.
This model also assumes no significant gradient in the depth direction
and must meet the criteria cited above. A one dimensional model would
find particular application in narrow bays, rivers and channels.
Generally, waters along the Gulf coast are quite shallow. For example,
with the exception of the ship channel and Intracoastal Waterway, most
of Mobile Bay is less than ten feet deep. This fact coupled with the
prevailing tidal action, affects mixing through most of the bay. When
this condition exists; the equations of change may be vertically integrated and applied to the estuary without significant loss of accuracy
in predicting physical properties of the water mass. Average values of
the particular parameters under consideration are used in describing the
system over this limited range of conditions. :
In some areas of the Bay, waters are highly stratified and do not satisfy
the equations for a mixed water mass. The extent to which these stratif~cations effect the results of the proposed models should be investigated
Wlth modification of the equations when warranted.
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Coriolis Force.
G. Coriolis, a 19th century French scient i st, first discussed the forces
effected by the earth's rotation on a body moving along the earth's
surface. In estuarine systems, the Coriolis for ce is such that a deflec tion of flow to the r i ght is effected for bodies in the northern hemisphere and a left hand deflection in the southern hemi sphere. This force
would be insignificant in narrow bays and rivers but may be quite significant in relative l y wide systems.
The Coriolis force is omitted in some mathemat ical model s and retained
in others. It is necessary to make an order of magnitude check to ascertain its contri bution to the flow vectors before it can be eliminated
from the model of a particular system.
Convective Acceleration.
In shallow est uari ne systems, where the waves are not s t eep, convective
acceleration can usually be neglected. Shanker, et al, (1969) made computer runs with and without convective acceleration inc luding variations
in the friction f actor and fresh water inflow. As a result of these runs,
convective accelerat ion effects were deleted f rom the model due to their
insignificant affect .
Inflows.
Rivers - Fresh wat er inflows from rivers may or may not be significant.
Magnitude checks must be made before any inflow can be deleted. River
flows are particu larly important to the hydrodynamic and salinity models.
These flows are usually specified in the form of boundary and/or initial
conditions to the system. The discharge rate from a river may be a constant or a funct ion of time.
A second importance of river flows lies in the m1x1ng characteristics of
the estuarine system. Simmons (1955) used the rat i o of r i ver discharge
to tidal prism as a measure of the type of mixing wi thin an estuary . A
ratio of .1 is considered to be homogeneous; .25 moder at ely stratified;
1.0 highly stratified. This affects directly the assumption of dimensionality.
Sea Flows - Flows from adjacent seas, gulf, and l agoons are important to
the accurate analysis of a system. Flows and other physica l properties
are usually speci fi ed in the form of boundary conditions. It is sometimes
convenient to st art t he model within the adj acent sea and use tidal height
as the forcing f unction. When this is done, parameters at the mouth of
the bay are calculated in a manner similar to other interior locations.
Surface Effects .
Stresses - Wind stresses directly effect f low patterns and water
level in an estuary. The magnitude of the effect depends upon the velocity,

W~nd
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direction, and duration of the wind . Generally, velocities less than
10 miles per hour are considered insignificant.
It is probable that both magnitude and direction of the wind may change
considerably over a large estuary. For this reason, most models make
provisions for variable winds.
Rain and Evaporation - In addition to wind stresses, the climate also
influences the physical characteristics of an estuary. The rat e of mass
transport at the water surface due to rainfall or evaporation must likewise be considered if accuracy is to be realized from a model. It shoul d
be noted that rainfall also effects runoff rate into estuarine systems
and thus could provide an important source of fresh water. River inflows
account for some runoff, however, those areas adjacent to the water mass
(marshes, creeks, etc.) are not directly included as sign ificant in a
first exercise . These sources of material should certainly be included
as knowledge of the system becomes more readily available.
Bottom Friction - Bottom friction also effects flow characteristics and
requires elucidation. This is generally accomplished empirically through
the application of the Chezy or Manning equation.
The friction factor would not be expected to remain constant throughout
the water mass due to changes in bottom configuration (sand, shell, gr ass,
etc . ) . Therefore, a predictive method may be developed to compute bottom
resistance as a function of location within the system. This type of
analys i s should likewise be considered as bottom configuration becomes
defined for the system.
II .

MODELING MOBILE BAY

Mathematical modeling for use in water quality management is presently
being considered for specific application to Mobile Bay. It seems apropos
at thi s point to turn attention to Mobile Bay proper and consider the
physi cal characteristics peculiar to that system which justify the restrictions and/or assumptions made in the derivation of the model equations
from the general equations of change. Subsequent sections will consider
the specif i c equations and the boundary and initial conditions necessary
for a numerical solution.
PHYSICAL FEATURES
The physical features of Mobile Bay include the following:
System Geometry.
The physical outlay of Mobile Bay is somewhat bell - shaped (see Figures 1
and 2) . It wi ll be noted in the figures that the widest portion of the
bay lies between Bon Secour River and Pas aux Herons. This distance is
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Figure 1.

Grid layout f or t he Mobi l e Bay Mathematical Model .
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approximately twenty miles. The bay stretches twenty-seven miles in a
north-south direction from the Causeway to Fort Morgan . The rather large
size of Mobile Bay would suggest that the Coriolis forces may be significant in this system and will therefore be included in the hydrodynamic
model.
The bay is essentially enclosed at the extreme south by Dauphin Island
and a peninsula extending from Bon Secour River to Fort Morgan. The
main entrance extends for two miles between Fort Gaines and Fort Morgan .
Due to the inherent difficulties in providing discharge rates as a func tion of time, the boundary of the system will be extended to a point approximately three miles south of Fort Morgan in the Gulf of Mexico
(near Sand Island) . Tidal heights at this boundary will be provided as
a function of time. The second major entrance is through Mississippi
Sound at Pas aux Herons . Initially, boundary specifications will be in
the form of both tidal height and discharge rates. A choice between these
two alternatives will be made when experience has been gained with t he
model to permit a realistic decision.
River Flows.
The major source of fresh water enters the bay at the extreme northern
end of the bay. The Mobile and Tensaw Rivers flow through marsh-de l ta
lands and enter the bay in close proximity to the Mobile Causeway. Other
sources of fresh water are the Dog and Fowl Rivers on the west bank and
Fish River and Bon Secour River on the east bank. These boundaries will
be specified as discharge rate as a function of time. Magnitude checks
will be made to determine the significance of each river system. Any insignificant flows will be deleted from the model. A correlation of the
pertinent rivers will be attempted in an effort to effect simplification
in specifying these boundary conditions.
Mixi ng Characteristics.
With the exception of two dredged channels, Mobile Bay is a relatively
shallow estuary. The average depth is approximately nine feet when measured from the mean low water mark . With the exception of one point off
Fort Morgan, the ship channel, which extends from the Mobile River to the
main entrance, is the deepest part of Mobile Bay. This channel is 200
feet wide and 42 feet deep. A second channel, the Intercoastal Waterways,
extends from Pas aux Herons to Bon Secour River . This channel is 125 feet
wide and 12 feet deep. As was noted above, shallow bays are generally
well mixed. However, other conditions such as river discharges, t ides,
winds, etc. must be considered.
McPhearson (1970) determined a mean tidal range of 1.4 feet for Mobile
Bay using ranges at four gauging stations and the Thiessen mean technique .
From this and the surface area (985.0 km2) of the Bay, a tidal prism volume
of 414 x 106 m3, a ratio of river flow to tidal prism was determined. A
Value of .36 was obtained which suggested that on the average, Mobile Bay
is moderately stratified. For high and low flows, a ratio of .78 and . 11
28

was computed. This would suggest a considerable change in mixing
characteristics with changes in seasons of the year. It is emphasized
by Simmons (1955) and Pritchard (1955) that this ratio should be used
in a very general way.
Even though Mobile Bay is not a homogeneous, well mixed estuary as
described by the above ratio, it is probable that a two dimensional
model will effectively describe the pertinent water quality characteristics of Mobile Bay. The extent to which stratified conditions effect
the accuracy of the model will be determined with modifications made as
warranted.
Tides.
As was noted in the previous section, the tidal range in Mobile Bay is
1. 4 feet. The frequency of the resulting waves would be very long when
compared with the amplitude. Therefore, the convective acceleration terms
in the equations of change can be neglected without the loss of accuracy.
Climatic Conditions.
The important climatic conditions needed by the model in predicting
systems behavior are wind speed and direction, rainfall and air temperature. Typical data for the Mobile Bay area are shown in Table 1 and are
available from the local weather stations in the area.
THE EQUATIONS OF CHANGE APPLIED TO MOBILE BAY
Derivation of the hydrodynamic and energy equations closely parallel
Pike, et al (1971) development. However, there are two exceptions. Due
to the relatively large size of the subject estuary, the Coriolis forces
are included in the hydrodynamic equation. Secondly, the energy term related to biological aspects will not be a consideration in initial studies
due to anticipated negligible effects by this mode of transfer.
The model for salinity was developed from the species continuity equation
as given by Bird, Stewart, and Lightfoot (1960). This equation describes
changes in salt concentrations in the horizontal plane only.
A model for dissolved oxygen has not been included. Development of this
important water quality model will be the subject of a later report.
The above equations applied to Mobile Bay are in various stages of
programming. Final forms of the partial differential equations used are
shown in the following sections.
Hydrodynamic Model .
The hydrodynamic model of Mobile Bay requires the solution of the continuity
(conservation of mass) and momentum (conservation of forces) equations as
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Table 1.

Month

(;I

0

January
February
March
April
May
June
July
August
September
October
November
December
Annual

Note:

Rainfall Rate, Temperature, Wind Speed and Direction for the Mobile Bay Area.
(McPhearson, 1970)
Average
Rainfall
Inches (a)

Temperature
Op

5.17
5.30
5.44
5.36
4.69
5.56
7.91
6.88
6.24.
2.75
2.53
5.51

54.9
55.5
72.9
80.3
87.0
87.6
81.0
83.0
76.2
73.1
62.9
55.9

63.35

Direction
North
Northeast
East
Southeast
South
Southwest
West
Northwest
Total %

Average Wind Speed and Direction (b)
Speed, mph
0-4
5-9
10-14
15-19
20-24 25-up
1.33
1.33
1.06
1.06
1.59
1.33
1.06
1.33

7.96
5.84
5.04
4.78
7.96
5.58
5.31
5.31

6.10
1.59
2.65
2.91
7.43
3.19
4.51
3.45

2.65
0.26
0.53
1.32
2.12
0.70
0.80
1.59

0.80
0.20
0. 26
0.26
0.26
0.26
0.00
0.53

0.26
0.00
0.00
0.26
0.00
0.00
0.00
0.26

7.43

47.76

31.93

10.07

2.37

0.78

69.3

(a) Station WBAP No. 5478 over the period 1955-1969.
(b) Mobile Airport over the period 1931-1960.

applied to the specific system. Following the modified development
of Pike (1971), vertical integration in the depth direction results
in a two dimensional (surface) model of the water mass.
Continu it y
x-Mornentum

aQx
ax

+ ~ + ~ =

aQx
at

+

ay

at

gO ah
ax

=

fQQxo- 2
y-Momentum

~
at

gO ~
ay

+

_

(R

E)

+

(1)

Kv2cos ~ -

(2WSin~)Qy

+

=

(2)

KV2Sin 'I' -

fQQyo-2 - (2WSin~)Qx

(3)

Thus, the hydrodynamic model calculates the discharge (current)
vectors , Qx and Qy, in the x-y (surface) plane as a function of water
level, h; surface effects such as rain, R, evaporation, E, wind stresses
(Kv2cos 'I' and KV2Sin '¥) and the Coriolis forces ([2WSincp ]Qx and [2WSin~ ]
Qy). Bottom effects are included as shear rate expressions using a
roughness coefficient, f.
By specifying the tidal change as a function of time (reflect ed in
changes i n h), solution for the hydrodynamic properties can be cal cul ated
for the entire tidal period. Such a model is referred to as a diurnal
model.
Energy

~lode l.

The energy model consists of the two dimensional energy (conservation of
energy) equation so lved simultaneously (or uncoupled from the continuity
and momentum equations by using average current values) with the equations describing the hydrodynamics of the \,rater mass. Again, averaging
is performed in the depth direction because of the shallow nature of the
estuary with respect to the surface dimensions. The f i na l form of the
differential energy equation is (1971):
pep [ ()T + Vx af + Vy ~T]
at
ax
dY
+

1

0

=

a

(k

ax

()T) +

x ()x

a (k aT )
ay
y ay

(Vz TCz s) - Vz T(zb) + q(zb) - q(zs)]

(4)

The terms in the above equation account for energy transfer by convective
flow (1), conductive flo~ (2), and surface and bottom convective (3) and
conduct i ve (4) energy transfer. The thermal conductivity, k, heat
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capacity, cp and density, p, of the water mass must be specified
functions. Using the average values for the velocity vector, V,
the energy equation can be numerically integrated to give the surface
temperature, ~, of the water mass . The temperature distribution varies
over the tidal cycle as a result of changes in Vwhich is described by
the hydrodynamic equations, (1) through (3).
Salinity Model.
The salinity model consists of the species continuity (conservation
of species) equation in differential form. The equation, after integrating in the depth direction, is:
(5)

In this case CA represents the salinity concentration and equation (5)
indicates the mechanisms by which salinity may vary in the system.
These include mass transport by convection (1) and diffusion (2). There
are no surface or bottom exchanges of salinity by diffusive or convective
modes. Concentration distributions can be solved for as a function of V
which in turn are related to the tidal cycle through the hydrodynamic
model.
In order to effect a solution of the above equations, certain boundary
and initial conditions must be specified. An attempt is made in subsequent sections to specify the specific boundary conditions that will be
required for each model. In most cases, boundary conditions are obtained
from experimental data taken in the field. Emphasis must be placed upon
accuracy in obtaining the necessary data required to verify that the results of the model do in fact accurately predict the actual behavior of
the system.
BOUNDARY AND INITIAL CONDITIONS FOR NUMERICAL SOLUTION
In applying the equations of change to a specific estuary such as Mobile
Bay, boundary and initial conditions peculiar to that system must be
specified. If the boundary conditions change with time, special storage
equations are necessary to generate values at specified time intervals.
In the following section, conditions necessary for a numerical solution
of the hydrodynamic, energy and salinity models are discussed in detail.
Specific location(s) within Mobile Bay will be noted for each condition.
Hydrodynamic Model.
Initial Conditions - Initial exercises of the hydrodynamic model will
assume that the bay is in a static condition at zero time, i.e., Qx, Qy
and h equal zero. When appropriate experience has been gained with the
model, a matrix of representative values for these variables will be
taken from prior runs and used for input on current exercises.

32

The purpose of this latter procedure is to effect a reduction in
computer time and to speed relaxation.
Boundary Conditions - Discharge rates (Qx and/or Qy) must be specified
for all major river systems emptying into the bay. If these rates vary
significantly over a tidal cycle, discharge rates as a function of time
will be required. Specific locations within the bay are presented in
Figure 1 by stations 1, 2, 3, 4, 5, 6, 7, 8, 9, 10. Tidal elevations
as a function of time will be required at station 11, i.e., h = f(t).
Tide gauges should also be placed at stations 2 and 8 to aid in verification of the model. Wind velocity and rainfall must be specified also
for the given tidal conditions.
Energy Model.
Initial Conditions - A reference temperature will be chosen to start
the energy model at t = 0, i.e., the temperature within each grid location will be the same as every other location. This effect says that
aT
. . . 11y -aT
aT = 0. In addition, the heat flux at each entrance
1n1t1a
ax
ay
at
to the bay must be specified. Using velocities generated by the hydrodynamic model, a reference temperature and experimentally determined
temperatures, these fluxes may be calculated as follows:
heat flux

= Vp•Cp ~~
~y

Boundary conditions - Temperatures at each entrance to the bay must be
specified. Field data must be taken at each of the stations shown in
Figure 2. If these temperatures vary significantly on a daily basis, an
equation of the form f = f(t) will be required to elucidate the proper
temperature.
Several special functions will be required to account for the various
energy transfers within the bay. These functions will not be dealt with
in detail here but in passing it seems desirable to mention the types of
heat exchange that must be considered. Heat may be transferred into,
within or from the bay as a result of (1) rainfall, (2) evaporation,
(3) radiation, (4) conduction and (5) convection. A detailed development
of the attendant equations is given by Pike (1971).
Salinity Model.
Initial Conditions - Current velocities (Vx and Vy) throughout the bay at
t = 0 will be supplied by the hydrodynamic model. Salinity concentrations
will be handled in a manner similar to the di scharge rates in the hydrodynamic model. For initial exercises of the paradigm, it will be assumed
that the salinity, (CA), for all grid locations will be equal to zero.
However, as experience is gained with the model, representative values
will be chosen and used as input to this model. Convergence should result
more quickly when representative values are used .
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Boundary Conditions - The extreme southern boundary of the system is
approximately three miles south of Fort Morgan in the Gulf of Mexico.
Salinity levels at this extremity are not expected to vary significantly over a tidal cycle. However, this must be established by a
monitor located at station 10 in Figure 2. Monitors must also be
established at stations 1, 2, 3, 4, 5, 7, 8, and 9. Concentrations
at some of these locations will be a function of time and river discharge rates. Therefore, an equation of the form CA = f(Q,t) must be
specified for at least a portion of these sites.
The salinity model is somewhat peculiar to the other models in that no
exchange occurs between the air-water interface or at the bottom.
Therefore no boundary conditions are required at these points.
DIGITAL COMPUTER SYSTEM
In order to obtain solutions to the hydrodynamic, energy and salinity
models described in this report, The University of Alabama - IBM 360/50
Computer will be used during initial exercises.
As exercises involving the models become more frequent, it is anticipated
that use of the UNIVAC 1108, located in The University of Alabama at
Huntsville Computer Center and available to the Tuscaloosa Campus via a
UNIVAC 1004 terminal, will be employed. This latter system should provide the investigators with sufficient core to handle large problems in
a more efficient and effective manner.
III.

SUMMARY

This article is intended to focus attention on the mathematical model as
an effective tool in solving problems associated with water resources and
pollution within Mobile Bay. Consideration of models developed for similar water systems and reported in the literature was made to minimize
duplication of effort in applying this method to Alabama coastal waters.
Based on this review, a two dimensional model using the equation which
describe the hydrodynamic (current), thermodynamic (temperature) and
material transport (salinity) properties of the bay was formulated.
Preliminary evaluation of the selected model to predict accurately the
actual behavior of the system has been initiated. Data for this preliminary evaluation are being obtained by the Corps of Engineers and the
Alabama Department of Conservation.
Initial exercises will be concerned with the stability and convergence of
the computational technique used to obtain solutions to the model equations.
As more data become available, effects of rain, wind, bottom and surface
interaction will be considered in order to verify the model as a valid predictive tool under realistic constraints.
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Finally, inclusion of equations within the model to predict the
concentration of dissolved oxygen (DO) as a function of the biooxygen demand (BOD) within the Bay will be made such that water
quality analyses of the system can be handled. In so doing, the
model will provide rapid analytical information to assist those
persons concerned with the water resources of the State.
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ABSTRACT
A survey and critique of methods for red
blood cell counts, hematocrit, hemoglobin . concentration, and erythrocyte size used in fish
hematology are presented. The available data
for red blood cell counts, hematocrit, hemoglobin concentration, erythrocyte dimensions,
and nuclear dimensions are tabulated from 58
papers.
I.

INTRODUCTION

Extensive hematological investigations have been conducted on
homoiothermic vertebrates (Wintrobe, 1933; 1956 ; Downey, 1938),
but comparatively l i ttle has been reported on the hematology of
poikilothermic vertebrates. Most of the work was random and used
different techniques, and consequently, the information is in a
confused state (Lieb , Slane, and Wilber, 1953). Studies on the
erythrocyte are of great interest, particularly when correlated
with activities and ecology of the vertebrate.
The only known pigment which transports oxygen in vertebrates is
hemoglobin and i n vertebrates is enclosed in erthrocytes. The only
vertebrates known to be without hemoglobin are three species of
Chaenichthyidae of the Antarctic (Ruud, 1954), the leptocephalan eel
larvae (Prosser and Brown, 1962), and an African toad (Ewers, 1959).
In teleosts, the lack of, or near l ack of, erythrocytes is apparently
unique to the family Chaenichthyidae (Kooyman, 1963).
Redfield (1933) reviewed hemoglobin concentrations in vertebrate red
corpuscles and recognized a trend from animals with a lower metabolic
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rate to those with a higher metabolic rate. Those animal groups with
higher metabolic rates, that is, higher oxygen demands, had greater
concentrations of hemoglobin within the blood, which was usually accompanied by an increase in erythrocyte number per em. These trends
afforded greater oxygen carrying capacity for the more active vertebrates (Gaumer and Goodnight, 1957).
It is clear that a wide variety of quantitative aspects of erythrocytes
has arisen within the vertebrates by natural selection insuring erythrocytes efficiency as a respiratory tissue within each species. Efficient
gas transport and exchange are dependent on the blood's specific properties and relative proportions interacting with the vertebrate 's
activities and ecology. This has been demonstrated in fishes (Redfield,
1933; Ha~s, 1959; Haws and Goodnight, 1962; Engel and Davis, 1964; Krogh
and Leitch, 1919).
Holland and Forster (1966) found smaller erythrocytes to be more
effective in oxygen exchange than larger erythrocytes. This was primarily due to the surface to volume ratios. The smaller erythrocytes
had more surface area per unit volume and, thus, presented the possibility of a faster rate of gas exchange than larger cells. Sperical erythrocytes had less surface area per unit of volume then elliptical
erythrocytes. Based on geometrical design the smaller erythrocytes with
a small length/width ratio were the most efficient (Hartmen and Less ler ,
1964). These statements did not take erythrocyte thickness into consideration, however.
II.

~CRITIQUE

OF HEMATOLOGICAL METHODS

It is imperative that suitable, repeatable hematological techniques be
stabilized before hematology can be an effective tool in comparative
fish physiology or fishery management. Accuracy, repeatability, simplicity, and availability of materials are criteria for this stabilization.
Without definite knowledge of hematological normals, it is difficult to
distinguish the normal values from physiological responses to a typical
stimulus. Hematological examinations of fishes from diverse environmental conditions are required to establish normal ranges (Yuki, 1963).
RBC (red blood cell) Technique: The RBC technique for fishes is
bas1cally the same as that used for humans. Blood is diluted 1 - 200
with a suitable diluting fluid, the erythrocytes are counted in a given
volume of a dilution, and the count is multiplied by a constant to obtain the number of erythrocytes per mrrfof whole blood.
The identity of the proper diluting fluid for fishes has caused some
controversy. Hendricks (1952) found Gower's and Hayem's diluting fluids
unsuitable for RBCs in suckers (Catostomidae), since these diluting
fluids caused some erythrocyte distortion. Hendricks (1952) developed
a diluting fluid which did not cause sucker erythrocytes to distort and
which was later adopted by Hesser (1960) in an attempt to standardize
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fish hematological methods. McKnight (1966) found that Hendricks'
diluting fluid for RBCs of mountain white fish (Prosopium williamsoni)
gave similar results as Rees and Eckert's, and Yokoyama's (1947) diluting fluids . Yuki (1963) found no distortions of fish erythrocytes
after 24 hours in Hayem's or Darcel's diluting fluids. In the task of
enumerating erythrocytes, few investigators are concerned with the small
amount of erythrocyte distortion caused by using Gower's or Hayem's ·
diluting fluids, unless erythrocyte dimensions are to be measured in
these dilution suspensions. Engel and Davis (1964) preferred Rees and
Eckert's diluting fluid because erythrocytes, thrombocytes, and leucocytes could be counted in the same dilute sample . Toisson's diluting
fluid has been used successfully with fish (Schafer, 1924; Higginbotham
and Meyer, 1948; Watson, Schechmeister, and Jackson, 1963). Schiffman
and Fromm (1959) were satisfied with the results obtained using a 0. 6%
sodium chloride solution .
Small errors in dilution technique can cause large errors in counts.
Diluting errors may be caused by improper mixing of the blood in the
diluting pipet. Proper mixing requires a vigorous shaking of the diluting chamber . Dilutions must be made and shaking begun within 10 seconds
aft er onset of bleeding due to the rapid clotting time of fish blo~d
(Watson, 1961; Watson, Schechmeister, and Jackson, 1963). Other dilution
errors may result from inaccurate measurement of blood or diluting fluids.
Erythrocyte counts are usually made from five secondary squares on an
improved Neubauer or Spencer Brightline counting chamber . The number
counted in the five secondary squares by 10,000. Each erythrocyte counted represents 10,000 erythrocytes in 1 mm3 of whole blood (Wintrobe, 1956)
and will magnify small technique errors .
The degree of technique error is dependent on equipment, sampling,
di lution, and general technique. A probable error of 7.8% has been demonstrated in a clinical laboratory (Biggs and Macmillan, 1948) and of 4%
for fish hematology (Hendricks, 1952) . Since the percent of error in RBCs
was directly proportional to the number of erythrocytes present in a mm 3
of whole blood, the error was less for fish which had much lower RBCs than
man (Uglialoro and Alder, 1957). Kirch (1951) always counted erythrocytes
s een in 20 secondary squares instead of the usual 5 in an attempt to de crease poss i ble counting error.
Hematocrit : The hematocrit was tirst measured in fish by Benditt,
Morrison, and Irwing (1941) and has been considered as an important tool
in f i shery research and management (Snieszko, 1960; 1961; Larson and
Snieszko, 1961 ; Steucke and Atherton, 1965). Due to simplicity, conveni ence, reliability, and low cost, hematocrits are replacing or becoming
an important supplement to RBCs (Snieszko, 1960; Wayer, 1966; Young, 1949),
but to be effective for comparative purposes, hematocrit techniques must
be standardized. Several investigations have been performed in search of
t he most effective hematocrit and methods with the greatest degree of
r epeatability (Sni eszko, 1960; Larson and Snieszko, 196lb; Stewart, 1966;
Mairs and Kennedy, 1962; MaKn~ght, 1966).

Microhematocrit tubes 75 mm long with a 0.5 mm inside diameter are
usually used because it requires less than 0.2 ml of blood and is more
accurate than most macrohematocrit tube methods. The tube is partially
filled with blood and one end is sealed with clay or by flame. Four to
seven minutes of centrifugation at 11,500 to 12,500 rpm in a microhematocrit centrifuge is sufficient, and prolonged centrifugation does not
alter the results.
Accurate, repeatable hematocrits are dependent on an effective
anticoagulant. Commercially prepared capillary tubes with heparin inner
coatings are available but have been found to be insufficient for the
blood of some fishes (Snieszko, 1960; Mairs and Kennedy, 1962; Steucke
and Atherton, 1965; McKnight, 1966). McKnight (1966) did find the commercially prepared tubes effective for the blue gill (Lepomis macrochirus);
however, lining capillary tubes with 10% ammonium oxalate and 10% ethylenediamine tetraacetate (EDTA) was insufficient. Lining capillary tubes
with 10% heparin solution and letting it air dry is preferable for most
fishes (McKnight, 1966, Snieszko, 1960; Larsen and Snieszko, 196lb, Mairs
and Kennedy, 1962; Strucke and Atherton, 1965). DeWilde and Houston (1967)
found heparin to be an unsatisfactory anticoagulant for rainbow trout
(Salmo gairdneri), but they observed that a combination of EDTA and ammonium salt was adequate. Commercial tubes are prepared for use with human
blood, and their use with the blood of some fishes may result in extremes
of 18% higher hematocrits than those tubes washed in 10% heparin (Snieszko,
1960). Although Snieszko (1960) favored self-prepared microhematocrit
tubes with 10% heparin, he later (1961) used commercially prepared tubes
in establishing normal values for three species of trout (Salmonidae).
Larsen and Snieszko (1966) found no significant differences between hematocrits done by the latter two methods on the same three species of trout.
Use of commercially prepared microhematocrit tubes gave consistent results
to +0.5% (Stewart, 1966) . Commercially prepared microhematocrit tubes
appeared to be the be.s t choice because they are widely available, give
repeatable results, and have been used extensively for fish hematocrits.
Macrohematocrit techniques have not been acceptable for fish hematology
due to the large amount of blood required and the difficulty of comparing
the results with the more common microhematocrit. Macrohematocrits are
difficult to standardize because of the wide selection of centrifuge speeds
which can be used (Wintrobe, 1956; Stew.a rt, 1966).
Hemoglobin: Hemoglobin determinations of fish blood have been subjected
to much controversy and investigation. Some studies have used blood iron
content as an index to fish hemoglobin content (Hall and Gray, 1929;
Scholander and van Dam, 1957; Sulya, Box, and Gunter, 1960; Larsen, 1964;
Falkner and Houston, 1966). This procedure yielded very satisfactory
results but was not suitable for routine work . The Spencer hemoglobinometer, measuring the amount of light absorption in hemolyzed blood was
unsatisfactory for fish blood because of the rapid clotting of fish blood
(Hendricks, 1952). Pyridine hemochromogen methods were satisfactory for
fish hemoglobin determinations by some investigators; although, the
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procedure is too involved for routine use (Barrett and Williams, 1965;
Anthony, 1961; Klawe, Barrett, and Klawe, 1963; DeWilde and Houston,
1967). A sodium carbonate method was used for hemoglobin determinations
in channel catfish, Ictalurus punctatus (Higg inbotham and Meyer, 1960).
Oxyhemoglobin, acid hematin, and cyanmethemoglobin methods wer e mos t
commonly used for fish hemoglobin determinations (McKnight, 1966; Hesser,
1960; Larsen and Snieszko, 196la; Larsen, 1964). Acid hematin procedures
were preferred by Hall, Gray, and Lepkovsky (1926), Hall (1928),
Schiffman and Fromm (1959), Hiestand (1951), Black (1955), and Hesser
(1960). The accuracy and repeatability of the acid hematin methods were
affected by t ime and temperature dependent conversion r ates, acid hematin
color i nstability, lipid and plasma protein interferences (Hesser, 1960 ;
Larsen and Snieszko, 196la), and erythrocyte nuclei interference (McKnight,
1966). The resulting range of error was 3.0 - 19 .0% . Centrifugation was
necessary to remove interfering particles (Schniffman, Fromm, 1959; Larsen
and Snieszko, 196la). Cyanmethemogl obin methods for fish hemoglobin
determinations have formed gelatinous precipitates which may have caused
inaccuracies in colorimetric reading (Hesser, 1960; Larsen and Snieszko,
196la; Larsen, 1964), when the solutions were agitated before readi~g
(Larsen, 1964). These gelatinous precipitates were made to float to the
surface; therefore, t hey were out of the co lorimeter light path.
The need for standardized procedures for fish hemoglobin determinations
has prompted comparative investigations on trout (Sa lmonidae ) (Larsen and
Snieszko, 196la) , mountain white fish (Salmonidae) (McKnight, 1966),
catfish (Ictaluridae) (Larsen, 1964), and other families of fishes
(Matsuura and Hashimoto, 1958). The cyanmethemoglobin method was also
used for hemoglobin determinations on other fresh-water fishes (Gelineo
and Gelineo, 1955), including the centrarchids (Cairns and Scheier, 1964).
The consensus was that the cyanmethemoglobin procedure was best due to its
rapidity, eas e, availability, stability, repeatabi l ity, and inexpensiveness,
and the existence of reliable standards. Larsen and Snieszko (196la) and
Larsen (1964) found hemoglobin values to be 1-2% higher when using
cyanmethemoglobin methods than with total iron content met hods. Using
total iron content as a standard, correction factors were calculated for
trout (Salmonidae) (Larsen and Snieszko, 196la) and catfish (Ictaluridae)
(Larsen, 1964) hemog lobins for the cyanmethemoglobin method, acid hematin
method, and oxyhemoglobin method .
Stained Erythrocytes: Blood smears may be examined for cell types, sizes,
shapes, and staining qualities (Wintrobe, 1956; Davidson and Wel l s, 1962).
Gulliver (1875) and Wint robe (1933) published an extensive list of
erythrocyte sizes of vertebrates .
The pyrenaemotous erythrocytes of vertebrates are nucleated; whereas, the
apyrenaemot ous erythrocytes are not nucleated (Gulliver, 1875). The mature
erythrocytes of teleosts are pyrenaemotous, ellipsoidal cells varying in
length from 6-.41 microns and in width from 2.9-17.9 microns. The erythro-
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cytes may be smaller than average (microcytes) or larger than average
(macrocytes). These terms would best be reserved for the mean corpus cular volume, although it is seldom done. Anisocytosis is an abnormal
variation in erythrocyte dimensions (Wintrobe, 1956).
The presence of immature stages of the erythrocytic series in
peripheral circulation does not indicate pathological responses in fish
(Watson, Schechmeister, and Taylor~ 1963). This, in fact, would be
termed normal, since maturation of erythrocytes takes place largely in
the circulation. Lower vertebrates are less able than are the higher
vertebrates to retain developing erythrocytes in the erythropoietic
centers (Dawson, 1930). Cytoplasmic granules diminish in size and
number and acquire more hemoglobin as erythrocytes mature (Yoffey,
1929), and the nucleus becomes more compact and occasionally lobulated
(Watson, Schechmeister, and Taylor, 1963) . Much proliferation of very
young erythrocytes by mitosis occurs within the blood stream of some
fish (Jordan, 1938) .
The terminology of the erythrocytic series has been established by
Jakowska (1956) and Watson, Schechmeister, and Taylor (1963). Medical
terms or terms referring strictly to mammalian blood have been avoided
when they were not homologous with fish hematology. Mature erythrocytes
had homogenous cytoplasm which stained a deep pink and a compact nucleus
stained purple with Wright's stain . With Giemsa stain, the cytoplasm
had a pale pink color, whereas the nucleus stained a deep violet color
(Catton, 1951). The immature erythrocytes (erythroblasts) were found
to be more circular than mature erythrocytes. The erythroblast's
cytoplasm stain gray or light pink with Wright's stain due to low
hemoglobin concentration in the cytoplasm.
Anisocytosis have resulted from the formation of irregul arities in the
sizes of erythrocytes as well as from "normal" erythrocyte size
variations. A small nucleated erythrocyte (microcyte ) and an enucleated
corpuscle (erthroplastid) were formed by amitotic division of circulating
erythrocytes (Oria, 1933; Emmel, 1924); a division referred to as
erythrocytic merotomia (Oria, 1933). Erythroplastids were analogous but
not momologous with enucleated erythrocytes of mammals. Brown trout
(Salmo trutta), common roach (Rutilus rutilus) (Catton, 1951) and
Batrachoseps attenuatus (Komocki, 1932) were reported to have occasional
erythroplastids which appeared to be normal erythrocytes without nuclei.
These were probably formed by expelling the entire nucleus from the
erythrocyte (Oria, 1933). Erythroplastids may also have been formed by
karyocytoplasmic disintegration of erythrocytes, resulting in erythroplastids of irregular shape and si~e (schistocytes). Nuclear expulsion
and merotomia result in orthochromatic erythroplastids with smooth
outlines.
Those erythrocytes in apparent division were referred to as dividing
erythrocytes . The cytoplasm and the nucleus may have been constricted
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in the center as they elongated. Active mitosis in circulating
erythrocytes has been reported in fishes (Dawson, 1933) and several
other poikilotherm vertebrates (Jordan, 1938). Mitosis has occurred in
all stages of erythrocyte development up to maturity resulting in two
microcytes (Dawson, 1933). Amitotic dividing erythrocytes have not
always divided in the center and have produced microcytes and erythroplastids of varying sizes.
Senile erythrocytes . (smudge cells) existed in various degrees of
deterioration. The first step was nuclear pycnosis in which the nuclear
membrane degenerated allowing the nucleoplasm to extend into all portions
of the cytoplasm. The breaking down of senile erythrocytes may have been
due to increased erythrocyte fragility or to technique artifacts.
The presence of erythroplastids, dividing erythrocytes, and senile
erythrocytes has been observed in erythrocyte suspensions as well as in
smears; thus, they were real and not artifacts. The presence of dividing
erythrocytes and erythroplastids has been correlated with the finding of
large numbers of erythroplasts in peripheral circulation (Watson,
Schechmeister, and Jackson, 1963).
Dawson (1933) found the relative number of immature erythrocytes in 20
species of fishes to form four natural groups in which the first three
groups contain the teleosts and the fourth group contains the elasmobranchs. Group I has 20% immature erythrocytes; Group II has 3-6%
immature erythrocytes, and Group III has only occasional immature
erythrocytes. Group tv has all stages of erythrocyte maturation and
frequent erythrocytes in mitosis.
The erythrocytes of most fishes were oblong, but some exceptions have
been reported. Erythrocytes were round in Trematonus borchgevinki
(Tyler, 1961), and nearly round in Ictalurus melas (Smith, Lewis, and
Kaplan, 1952 ; Haws and Goodnight, 1962), Ictalurus nebulosus (Smith,
Lewis, and Kaplan, 1952), and Opsanus tau, and Lophius piscatorius
(Hartman and Lessler, 1964). Elliptical, round, and near round erythrocytes have been observed in Siphostoma fuscum (Kirsch, 1951), Prosopium
williamsoni (McKnight, 1966), Clupea harengus (Boyar, 1962),
Scomberomorus maculatus (Pitombeira and Marinus, 1970), and in several
members of the families Gymnotidae and Poeciliidae (Oria, 1933).
The nuclei were generally of the same shape as the erythrocytes except
in the family Loricariidae (Oria, 1933). The size of the erythrocyte in
relation to the size of the nucleus changed with maturation of the
erythrocyte. The larger surface area of the large nuclei of the young
erythrocyte insured a greater interchange of hemoglobin between the nucleus and the cytoplasm than with the smaller nucleus of more mature
erythrocytes. A more elliptical nucleus offers greater surface area for
nucleus-cytoplasm exchange than does a spherical nucleus. The actual
role of the nucleus in the function of the erythrocyte is unknown, but
extensive light microscope and electron microscope studies have indicated
a general pattern of erythrocyte nuclear organization for pyrenaematous
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vertebrates studies, even though species and individuals exhibited
some differences (Davies, 1961 ; Weinreb, 1962; 1963a; 1963b) .
Erythrocyt e Indices: Erythrocyte indices provide objective quantitative
standards for erythrocyte studies . These indices are mean corpuscular
volume (MCV), mean corpuscular hemoglobin (MCH), and mean corpuscu l ar
hemoglobin concentrat ion (MCHC). The MCV, in cubic micrometers (cum),
is calcul ated from the RBC and hematocrit. MCH, in micromicrograms (mmg),
is calcul ated from RBC and hemoglobin content. MCHC, in percent, is
calculated from the hematocrit and hemoglobin content.
The meaning of, and difference among, the erythrocyte indices must be
clearly understood before est ab lishing and interpreting normals. The
MCV is self explanatory, but the MCH and MCHC are sometimes confused.
The MCH is t he weight of hemoglobin in the average erythrocyte . The
MCHC is the weight of hemoglobin in 100 mls of erythrocyte volume. In
most populations of vert ebra t es , the MCH varies proportionately with the
MCV. The MCHC has little variation among the vertebrates (Wintrobe,
1933).
Wintrobe (1933) found the MCV and MCH to vary markedly among vertebrat es;
however, the MCHC varied little. The greatest MCHC variation was among
the t eleosts. The MCHC is perhaps the mo st valuable erythrocyte constant
s ince it is calculated from two parameters with small measurement errors
and si nce it is the best measure of the functional efficiency of the
erythrocytes.
Burker (cited in Wintrobe, 1933) formulated the "law of hemog lobin
distribution" in vertebrates which stated that a constant relationship
exi sted between the amount of hemoglobin and each square micron of
erythrocyte surface area. Burker had calculated the volume of the erythrocytes instead of their total surface area; therefore, the "law of hemo globin distribution" applies to the amount of hemoglobin per unit volume
of erythrocyte. This was the same as the MCHC. When only cytoplasmic
vo lume was considered in pyrenaematous erythrocytes, the constancy of the
"law of hemoglobin distribution" he l d true except in some fishes
(Wint robe, 1933). Generally the MCHCs of teleosts were lower than MCHCs
of the higher vertebrates, with t he lower MCHC in some teleost s being l ess
than in the most severe cases of human anemia. Some MCHC differences were
as great between members within the same species of fish as the differences
between members of different species (Wintrobe, 1933).
Interrelations between the various erythrocyte indices were ver y
informative concern i ng abnormalities within a population as well as
differences between populations; since they revealed the s ite where differences occurred (Wintrobe, 1956). Erythrocytes were usually classified
as microcytes, macrocyt es, or megacytes by MCV. Hypochromatic erythrocytes had a low MCH; whereas, hyperchromatic erythrocyt es had a high MCH.
Polychromatic erythrocytes with vari at ions in hemoglobin content wi thin
an individua l fish were not detect ed by these methods, but required
microscopic examination of stained smears.
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III.

COMPILATION OF FISH HEMATOLOGICAL DATA

Hematology is gaining interest among fishery biologists as a tool
analys ing the t axonomic, ecological, and physiological status of
fishes. The task of sifting the literature for fish hematological
data is very laborious and often fruitless . Often some is missed .
The following table s are compilations of hematological data for
fis hes which should make the fish hematologist's job easier.
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Table 1.

A compilation of red blood cells, hematocrit, and hemoglobin content showing the means
and/or ranges for certain fishes. The bibliographic reference number is given in
parenthesis .
Hematocrit

Red blood cells
(millions)

Hemoglobin
(gms/100 ml)

Family and species
Mean

Range

Mean

Range

Mean

Range

PETROMYZONTIDAE
Petromyzon marinus (25)

23.5

0.333

5.8

CARCHARINIDAE
Carcharhinus lirnbatus (49)
Carcharhinus obscurus (42)
Nagaprion brevirostris (42)

5.7
0.360
0.515-0.680

SPHYRNIDAE
Sphyrina tiburo (49)
Sphyrina centrurus (25)

0.438

23.1

0.475

23.1
20.6

5.5
5.4

SQUALIDAE
Mustelus laevis (25)
Squalus acanthias (16)
Squalus acanthias (57)

4.6
5.5-7.6

0.060-0.090

TORPEDINIDAE
Torpedo nobiliano (25)

1. 0-1.8

0 . 149

23.5

3.3

0.253
0.265
0.298

16.5

3.3
3.6
4.5

RAJIDAE
Raja
Raja
Raja
Raja
Raja
Raja

ocellata (25)
stabuliforis (25)
eglanteria (25)
erinacea (57)
diaphanis (57)

23.1
10.0

0.130

2.8
15 . 0-24.0

sp? (18)
DASYATIDAE
Dasyatis centroura (24)

0.9-1.8

4.7-9.6

0.070-0.llO

19

0.300

3. 0

ACIPENSERIDAE
Acipenser
Acipenser
Acipenser
Acipenser

sturio (25)
sturio (28)
nudiventris (28)
stellatus (28)

5. 0

0 . 425
0.85
1.400
1.500

LEPISOSTEIDAE

2.4
3.5

Lepisosteus spetulata (49)
Le pisosteus osseus (49)

ELOPIDAE

2.8

Elops saurus (49)

CLUPEIDAE
Bre voortia tyrannus (17)

53.3

1.988

SALMONIDAE
Salmo
Salmo
Salmo
Salmo
Salmo
Salmo
Salmo
Salmo
Salmo
Salmo
Salmo
Salmo

gairdneri (44)
gairdneri (46)
gairdneri (30)
gairdneri ( 6)
gairdneri (24)
gairdneri (51)
gairdneri ( 5)
gairdneri ( 6)
s alar (46)
trut ta (46)
trutta (30)
trutta (51)

l.llO

31.8

50

&42.2
45.8
31.6

1.293
1.220

6.51
9.6
10.0
7.4

8.6-11.7

ll.O
10.0

&25
&38.3

39
44

38.4
0.766

8.8

9.6-8.0

Salvelinus fontinalis (5 1)
1.032
salvelinus fontinalis (34)
salvelinus fontinalis (46)
Salvelinus fontinalis (30)
Salvelinus fontinalis (15)
1. 0139
Salvelinus fontinalis (35)
1.090
Salvelinus fontinalis ( 7)
Salvelinus namaycush (34)
Cristivomer (=Salvelinus)
namaycush (51)
0.642
Oncorhynchus masou (41)
1 .460
ESOCIDAE
Esox lucius (53)
CYPRINIDAE
Carassius auratus (45)
1 .240
Carassius auratus (55)
2.025
Carassius auratus (SO)
Carassius auratus (14)
2. 120
Carassius auratus (41)
2.270
carassius auratus (45)
1.24
Ptychochei lus oregonensis ( 6)
Ptychocheilus oregonensis ( 5)
Cyprinus carpio ( 5)
Cyprinus carpio (33)
Cyprinus carpio ( 4)
0.8415
Cyprinus carpio (53)
Mylocheilus caruinus (5)
CATOSTOMIDAE
Catostomus commersoni
suckleyi (21)
1. 204
Catostomus catostomus
griseus (21)
1.262
Catostomus catostomus ( 5)
Ictiobus bubalus (45)
1.332
Minytrema melanops (45)
1. 220
ICTALURIDAE
Ictalurus nebulosus (20)
1.270
Ictalurus punctatus (20)
2.160
Ictalurus punctatus (23)
Ictalurus punctatus (29)
Ictalurus punctatus (38)
Ictalurus lacustris(=punctatus)(23)2.175
Ameiurus(=Ictalurus) melas ( 5)
Ameiurus(=Ictalurus) melas (45)
1.610
Ameiurus(=Ictalurus) natalis (45) 1.490
Ameiurus(=Ictalurus) catus (57)
ANGUILLIDAE
Anguillidae(=Anguilla)
bostoniensis(=zrostrata) (25)
2. 400
Anguilla rostrata (12)
2.020
Anguilla rostrata (57)
GADIIDAE
Pollachius virens (57)
Gadus callarias (57)
1.49
Urophycis tenuis (57)
2.070
Merluccius bilinearis (57)
1. 260
SYNGNATHIDAE
Siphostoma fuscum (25)
2.050
SERRANIDAE
Mycteroperca venenosa ( 4)
Mycteroperca bonaci ( 4)
3.500

47.5
45 . 2 & 38
55.5 & 59 .1
0. 740-1.552
22.2-35.8
27.2
22.6

8.5

9.3-10.4
6 . 2- 11.5

43.9

34.5-50.5

14 .6-33.7

34.3
27

32.5

8.5
16-33

& 29
29.6
35.4
30.4

8.9

&7 . 8

8.3
9.8
9.8
10.8

0 .652 -1.133

31.3
32

15 .8-74.0
21-40
25-55

10 . 5

3.3-16 . 4
9.4- 12.4

10.9
10.9
11.4
9.4
40
61.0
29.4
27.9

17.0-41.5
15 .0-47.0
7.1

4 . 8-9 . 3
8.2- 11.7

1. 240-4.290
11.1
55 . 6
55.6

9.3
10 .9

1. 750-2.430
2.120-2.830

36.0-39 . 8
20.8-39.0

2.340-2.930
23.8
50.0
32.1

4 . 0-9. 1
5.2
7. 0
6.5
5.6

24.0
28.0
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7 . 7-14 . 8
8 . 0- 10.0

Promicrops itaiara (4)
PERCICIITHYIDAE
Morone saxatilis (13)
Morone americanus (12)
LUTJANIDAE
Pristipomoides Eilamentosus (41)
CENTRARCHIDAE
Chaenobryttus(=Lepomis)
carnarius(=gulosus) (45)
Chaenobryttus(=Lepomis)
gulosus (11)
Ambloplites rupestris (11)
Ambloplites rupestris (37)
Micropterus salmoides (11)
Micropterus salmoides (48)
Micropterus salmoides ( 6)
Micropterus salmoides ( 5)
Micropterus salmoides (22)
Micropterus dolomieui (37)
Lepomis gibbosus ( 9)
Lepomis gibbosus (43)
Lepomis macrochirus (45)
Lepomis macrochirus (11)
Lepomis microlophus (11)
Lepomis megalotis (11)
Lepomis cyanellus (11)
Pomoxis annularis (11)
Pomoxis annularis (45)
Pomoxis nigromaculatus (11)
PROMATOMIDAE
Pomatomus saltatrix (12)
Pomatomus saltatrix (13)
CARANGIDAE
Seriola dorsalis (3)
Caranx hippos (49)
CORYPHAENIDAE
Coryphaena hippurus (3)
Coryphaena hippurus (41)
SCIAENIDAE
Leiostomus xanthurus (49)
Sciaenops ocellata (49)
Pogonias cromis (49)
SPARIDAE
Archosargus probatocephalus (49)
Stenotomus chrysops (12)
Stenotomus chrysops (40)
GIRELLIDAE
Girella nigricans (58)
LABRIDAE
Tau toga oni tis (12)
NOTOTHENI IDAE
Notothenia larsoni (52)
Trematomus borchgrevinki (52)
Trematomus borchgrevinki (27)
Trematomus bernacchii (27)
Trematomus loennbergii (27)
Trematomus hansoni (27)
SCOMBRIDAE
Scomber s combrus (26)
Scomber scombrus (57)
Scomber scombrus (16)

1.700
3 . 950
4.120

41.0
3.420-4 . 530
2.690-5.450

2.510

38 . 7

36.0- 41.3

37.2

9.5
13,7
8.8

1.880

38.0

1.55
1.15

1.17-1.92
0.07-1.51

24.5
30.3

19.0 - 30.0
16.0-43.0

5.15
5.85

1.57

1.47- 1.74

26.0
42.7

21.0-33.0

5.8

2.290

8 . 6-10.4
9.7-17.7

1.178-2.76
2.295-2.540

4.1 - 6 . 2
4.3-8 . 7
5.7 - 13 . 8
5.3-7.0

8.2
8.1
10.3
14.0
10.2

9 .8-13.2

5.7-8 . 9
4.9-7 . 4
4 . 7-8.7
6.7-8.1
3.5-7.8

7 . 06-14.1

2.605
2.25
1.98
1.87
2.14
1.47
1. 795
1.53

1.77 - 3.04
1. 54-2.26
1.20- 2.68
2.10-2.21
1.06-1.97

35.1
31.2
34.4
36.0
31.1

26.0-45.0
24.0- 35.0
21.0-51.0
34.0-38.0
12.0-42.0

1.28-1.84

23.3

18.0- 28 . 0

45.2
6.83
6.83
6.44
7.4
5.83
48 . 7
5. 7

3.830
4.210

1.710-4.940
3.120-5.630

43.4

39.0- 57.0

13 .4
10.4

11.3-16.1
7.0- 15 . 4

8.3
4.5

4 . 0-14.7

11.6
10.8

8 . 1-14.4

3.050

41.8

4.0-6.7

2.6
3.4
3.0
3.530
2.284

3.170-4.060

5.0
12.6

11.3-13.9

12 . 1

10.4 - 12.9

32.6
15.4

3.010

2.370-3.500

3.5

0.380

3 . 5-4 . 0

0.660-0 .800
1.19
0.75
0.83
0.74

38
24
29

5.3
2.5
3.3
2.8
14 . 2

3.81
21.2
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Scomber japonicus (26)
Scomber tapeinocephalus (41)
3.8
Scomberomorus maculatus ( 4)
3.2
scomberomorus maculatus (13)
4.540
Scomberomorus cavalla (13)
3.54
Auxis rochei{=thazard) ( 4)
Auxis rochei{=thazard) (26)
Thunnus thynnus ( 3)
Thunnus alalungs ( 3)
Thunnus albacares ( 3)
Thunnus albacares (26)
Thunnus obesus ( 3)
sarda chiliensis ( 3)
Sarda chiliensis (26)
Acanthocybium solanderi ( 3)
Katsuwonus{=Euthynnus)pelamis (26)
Katsuwonus{=Euthynnus)pelamis (41) 3.92
Euthynnus lineatus (26)
Neothynnus{=Thunnus)albacares (41) 3.07
ISTIOPHORIDA
Makaira nigricans ( 3)
Makaira mazara (41)
2.69
Tetrapturus andox ( 3)
Tetrapturus angustirostris ( 3)
XIPHIIDAE
Xiphias gladius ( 3)
GOBIIDAE
2.425
Gobius exanthematicus ( 2)
SCORPAENIDAE
1.880
Sebastes marinus (57)
TRIGLIDAE
Prionotus carolinus (12)
2.7
Prionotus carolinus (40)
2.536
Prionotus strigatus (25)
1.93
COTTIDAE
Myoxocephalus scorpius (57)
Myoxocephalus octodecemspinosus (57)
CRYPTOCANTHODIDAE
Cryptocanthodes maculatus (57)
ZOARCIDAE
Zoarces anguillaris (57)
2.040
MUGILIDAE
Mugil curema (49)
ENGRAULIDAE
Engraulis mordax ( 3)
PLEURONECTIDAE
Pseudopleuronectes americanus (12) 2.93
2.91
Paralichthys sp? (13)
Limanda ferruginea (57)
2.48
Glyptocephalus cynoglossus (57)
ECHENEIDAE
Echeneus naucrates (25)
3.76
TETRAODONTIDAE
Spheroides maculatus (12)
3.41
Spheroides maculatus (40)
1.284
BATRACHOIDIDAE
0.69
Opsanus tau (12)
Opsanus tau (13)
0.68
LOPHIIDAE
Lophius piscatorius (25)
1.096
Lophius piscatorius (57)

8.14-8
3.15-6.13
2.66-4.59

50.6
38
38.8
36.3

13.8
26.8-48.0
32.43

10.4
9.3
19.2
19.8
12.2
16.8

9.6-12.2
7.3-10.3
16.5-32.8
17.8-21.2
18.7-21
15.3-19.3
12.5-19.8
15.8-18.9
10.3-20.8
l1.2-15.3

53.3

15.6
12.9
8.3-14.8
10.4
4
14.1

51.5

14.4

48.3

13.0
13.7
4.3
12.9

5.8-16.8
8.2-15.6

10.2

15.3-12.5

5.9-16.5
16.1-20.7
16.9-19.9

56.0

7.4-16.2

7.8
9.9

2.14-3.35
24.0
22.2

8.1-12.3

6.2

0.820-1.030
1. 340-2.040

19.8-20.6
19.8-34.3

4.0-4.8
4.0-6 . 2

0.710-2.65

15.4-32.5

4.6-9.2
4.0

20.8

4.9
14.4
2.35-3.72
2.22-3.86
o. 780-1.610

29.3 25.5- 37.0
8.4-18.2
34.9
26.7

8.9
6. 6

11.7-16.8
6.70-10.4
5 . 6-7.9
2.1-4.2

5.1
10.5
9.41

5.0-12.5

27.5 23.0-33.7

6.8
6.21

6.7-7.0
5.3-2.1

16.8

4.3

2.09-5.02
17.5
0.59-0.29
0.61-0.84
0.920-1.300

49

16.0-21.8

4.0-5.0

Table 2.

A compilation of means of the length and width of
erythrocytes and nuclei in micra. The bibliographic
reference number is given in parenthesis .

Erythrocyte

Nucleus

Family and species
Length x Width

Length

X

Width

X

6.9

Petromyzontidae
Petromyzon marinus

14 . 3

X

14.3

18.4

X

16 . 0

17 . 5
16 . 3
17.0
21.9
15.5

X

12 . 7
14 . 9
15 . 3
17 . 9
11.2

17 . 0
17.5
15.2

X

19 . 1
23 . 5

X
X

13 . 8
17 . 1

29 . 8

X

23 . 1

22
29
29 . 4
23 .7
25.5
20 . 3
24 .3
23.3

X

14
15.6
17 . 9
14 . 4
14.6
12 . 9
13.5
14 . 1

19. 7
20.6

X
X

13 . 8
14.3
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X

17

14.0

X

9.7

X

7

Orectolobidae
Ginglymoastoma cirratum ( 42)

Carcharhinidae
Carcharhinus leucas ( 42)
Carcharhinus obscurus (42)
Carcharhinus milberti (42)
Galeocerdo cuvieri (42)
Negaprion brevirostris (42)

X
X
X
X

Sphyrnidae
Sphyrna mokarran (42)
Sphyrna tiburo (42)
Sphyrna zygaena (25)

X
X

12 . 3
12.7
11.2

Squalidae
Mustelus laevis (25)
Squalus acanthias (57)

Torpedinidae
Torpedo nobiliana (25)

Rajidae
Raja
Raja
Raja
Raja
Raja
Raja
Raja
Raja

oculata (25)
stabuliforis (25)
stabuliforis (57)
eglanteria (29)
eglanteri a ( 42)
e rinacea (19)
erinacea (57 )
diaphanis (57)

X
X
X
X
X
X
X

Das yatidae
Dasyatis centroura (19)
Dasyatis centroura (41)

8.1

Ceratodontidae
Neoceratodus fors t eri (54)

26

X

11

4

X

2

Acipenseridae
Acipenser sturio (25)

Clupeidae
Clupea harengus (8)

9

so

Salmonidae
Salmo trutta (10)
Cristivomer(=Salvelinus)
Namaycush (32)
Thymallus signifer (32)

14

X

17.8
12.6

X

13.4
1.3
13.3
16

X

15.3
14

X

9
10.4
9.0

8.6
5.4

X
X

3.9
3.5

8.8
8
8
10

5.9

X

3.0

S.5

X

3.3

9.0
9. 1

4.9
6.2

X

X

X
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4.3

12.4

X

10.5

4.9

X

3.9

10.4

X

8.7

10.9
11.5
13.0

X

4.0
3.8

X

3.3
3.2

X

7.7
7.6
8.0

12.3

X

8.1

X

X

8.0
9.1
8.0
5.9

10.6

X

9.1

12.1
10.0

X

6.8
7.6

5.8
4.5

X

10.9
11.5
11.4
11.6
10.0
11.8
12.2
12.1
11.1

X

6.4
6.7
7.3
7.0
6.5
7.2
7.3
7.4
7.7

4.9
4.2
4.7
4.7
3.6
4.4
4.2
4.0
4.7

X

11.3
14.0

X
X

7.9
8.5

4.2
4.4

5.1

X

2.9

X

Cyprinidae
Carassius auratus (55)
Carassius auratus (56)
Carassius auratus (45)
Rutilus rutilus (10)

X
X
X

Catostomidae
Ictiobus bubalus ( 45)
Minitrema melanops (45)

Ictaluridae
Ameiurus(Eictalurus)
natalis (45)
Ameiurus(=Ictalurus)
catus (57)

Angui11idae
Leptocephalus(=Conger)
conger (19)
Anguilla rostrata (19)
Anguilla rostrata (57)
Anguilla bostoniensis
(=A. rostrata) (25)

X

X

Gadidae
Pollachius virens (57)
Gadus callarias (57)
Urophycis tenuis (57)

11.4
12.4
13.7
11.1

Merluccius bilinearis (57)

X
X

Syngnathidae
Siphostoma fuscum (25)

Centrarchidae
Micropterus salmoides (45)
Micropterus salmoides (11)
Lepomis(=Centrarchus)
macropterus (45)
Lepomis macrochirus (11)
Lepomis microtophus (11)
Lepomis megalotis (11)
Lepomis cyanellus (11)
Pomoxis annularis (45)
Pomoxis annularis (11)
Pomoxis nigromaculatus (11)
Chaenobryttus carnarius(45)
Chaenobryttus(=Lepomis)
gulosus (11)
Ambloplites rupestris (11)

X

X
X
X
X
X
X
X
X

Sciaenidae
Leiostomus xanthurus (39)
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X

X
X
X
X
X
X
X
X
X
X

3.1
3.8
2.6
3.0
3.4
3.3
3.4
3.2
3.2
3.2
4.1
3.1
4.0

Labridae
Tautoga onitis (19)

10.5

X

14.0
11

X

10.9

X

5. 9

12
12.4

X
X

8.3
8.3

12.4

X

8.2

10.2
11.2

X
X

8
7.3

12.4

X

9.0

11.5

X

9.0

13.5

X

9.1

10.6

X

5.9

11.7
10.6

X
X

6.9
7.7

12.5

X

7.1

10.9

X

7

14.9

X

11.6
13.0
13.8

X

7.3

4.1

X

3.0

4.8

X

3

12.9

5.8

X

5.2

10.3
10.3
9.2

5.1

X

4.6

Notothenidae
Notothenia larsoni (52)
Trematomus borchgrevink.i (52)

X

?

11

Trichiuridae
Trichirus lepturus (39)

Scombridae
Scomber scombrus (25)
Scomber scombrus (57)

Scorpaenidae
Sebastes marinus (57)

Trig1idae
Prionotus strigatus (25)
Prionotus carolinus (19)

Cottidae
Myoxocephalus scorpius (57)
Myoxocephalus
octodecemspinosus (57)

Stichaendae
Cryptacanthodes maculatus (57)

Zoarcidae
Zoarces anguillaris (57)

P1euronectidae
Paralichthys lethostigmus (39)
Limanda ferruginea (57)
Glyptocephalus
cynoglossus (57)

Echeneidae
Echenes naucrates (25)

Batrachoididae
Opsanus tau (19)

Lophidae
Lophius piscatorius (19)
Lophius piscatorius (25)
Lophius piscatorius (57)
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MARINE ENVIRONMENTAL SCIENCES CONSORTIUM

The Marine Environmental Sciences Consortium is a group in the State of
Alabama formally established by the Legislature in 1971 of 17 four-year
colleges and universities. The objectives are to:
Provide educational programs in marine and related
sciences on both the graduate and undergraduate
levels.
Promote and encourage pure and applied research in
marine sciences and related areas.
Promote and encourage communication and dialogue
among those interested in marine sciences and
related areas through meetings and seminars.
Member institutions:

North to South

Alabama State University . .
Auburn University . . . . .
Birmingham-Southern College
Florence State University
Huntingdon College . . . . .
Jacksonville State University
Livingston University
Mobile College . . .
Samford University . .
Spring Hill College
Troy State University
Tuskegee Institute . .
University of Alabama, Birmingham
University of Alabama, Huntsville
University of Alabama, Tuscaloosa
University of Montevallo .•
University of South Alabama . . . .

See Front Cover
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9
15
6

16
14
11
5
2
7
8

17

Special Facilities
Point aux Pins Marsh Lab . . .
Bayou La Batre Vessel Facility .
Dauphin Island Sea Lab .

18

19
20

Additional institutional members may be admitted upon application to the
Board of Directors. The Board of Directors of the Corporation consists
of the chief executive officers of the member institutions, who determine
the overall program and general policies of the Consortium.
59

Specific facilities available to the Consortium include:
DAUPHIN ISLAND SEA LAB
The Dauphin Island Sea Lab is located on a 36-acre portion of a former
U.S. Air Force radar base with 7 permanent and 5 temporary buildings.
The Marine Science Hall contains over 4000 square feet of instructional
labs and classrooms, over 1300 square feet of research space and 750
square feet of office space. The laboratories designated are Ocean
Science, Marine Vertebrate, Marine Invertebrate, Marine Geology, Marine
Ecology, Instruments, and Biochemistry (Pesticides). A collection room
is within easy access of both laboratories and classrooms.
Instrumentation available includes gas chromatograph, atomic absorption
spectrophotometer, osmette, centrifuge, Ro-Tap, sediment hydrometers,
colorimeter, blenders, extraction apparatus, turbidimeter, microscopes,
balances, calculators, and the usual complement of laboratory materials.
Field gear includes current meter, oxygen meter, plankton nets, corers,
a variety of trawls and other nets for collecting, bottom grabs, photometer, refractometer, pH meter and a variety of water samplers.
Diving Locker facilities for SCUBA include dressing rooms for men and
women, a lecture hall and gear locker; a compressor facility and adjacent
training pool. This training area is for the Underwater Projects Team
(UPT) and the scientific diving program. Gear includes hardware for 13
divers, depth gauges, a divers communication system and photographic
equipment.
The laboratory can accommodate 250 persons in residence ; support
facilities include an apartment building, two dormitories, and cafeteria,
13 three-bedroom family houses, and maintenance shops.
POINT AUX PINS MARSH LAB
The University of Alabama owns 253 acres of natural marsh on Point aux
Pins. The property is accessible for field research and has one air
conditioned permanent building with 2 laboratories and living quarters.
A boat slip and dock enter the property from Portersville Bay to the
east. The west side of the Point is bounded by Grand Bay, one of the
least polluted bodies of water on the Gulf coast. The bird fauna of the
area is unusually rich.
HYDRO LAB
Hydro Lab is an underwater habitat located in 50 feet of water 1.2 miles
south of Freeport, Grand Bahama Island. The facil i ty is operated by the
Perry Foundation for the purpose of undersea research. The University
of Alabama, Marine Science Programs has entered into a five-year commitment with this facility and will develop it as a training and research
facility for the Consortium through the Underwater Project Team.
60

BAYOU LA BATRE VESSEL FACILITY
The vessel s available to the Consortium are based at Bayou La Batr e,
Alabama . The shore facility includes two shops, a covered boat area,
electric hoist and two offices.
Vessels are:
R/V Aquarius

65' steel hull

Pisces

36' wood hull
12 knots cruisi ng speed - survey and diving support
23' fiberglass
20 knots cruising speed - survey and diving support

8 knots cru1s1ng speed
Gemini

research and field trips

All vessels are diesel-powered and adequately r igged for their intended
purpose .
The R/V Aquarius is equipped with AM Radiote l ephone, Citizens Band Radio,
VHF-FM marine radiotelephone, Decca radar, four-scale fathomet er, Omega
navigational and positioning unit, hydraulic steering with computerized
automatic pilot, Foghorn-hailer, two 30 KW 110-220 VAC generators, one
70 ampere 32 VDC alternator. Quarters are avai l abl e for 8 scientists
and three crew me~bers. Classes of thirty can be handled on daytime
cruises .
Member institutions have extensive facilities, which although not
specifically part of the Consortium are available for research purposes.
In 1972 a summer teaching program was conducted with 115 students . Both
fall and spring quarters are planned for 1973. In addition several
"mini or inter-terms" are under consideration for the Sea Lab. Core
courses are Marine Vertebrate Zoology, Marine Invertebrate Zoology, Marine
Botany and Mari ne Ecology . Other courses offered are Ocean Science,
Introductory Oceanography, Marine Geology, Scient i f i c SCUBA, Fishery
Science, Marine Biology, Physiology of Marine Organisms, Coastal Ornithology, Coastal Engineering. More specialized courses are being considered.
Research efforts of the Consortium are centered ar ound environmental
problems and resource development and management. Faculty are involved
with contracts from the National Marine Fisheries Service, the U.S. Army
Corps of Engineers, National Aeronautical and Space Administration and t he
Alabama Development Office. Proposals have been submitted to the
Environmental Protection Agency and six of the member institutions have
joined the Univer sities Marine Center (four - school consort i um) of
Mississippi in a two-state Sea Grant Program, with f unding to begin in
January of 1973 .
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GUIDE TO IDENTIFICATION OF MARINE AND ESTUAR I NE I NVERTEBRATES.
By Kenneth L . Cosner.
1971 .

Wiley-Interscience, xix + 693 .

$29 . 95.

Kenneth L. Gosner, Curator of Zoology of the Newark Museum in
Newark, New Jersey, has written one of the few practical guides to
coastal marine invertebrates. Alt hough his book deals with species
from Cape Hatteras to the Bay of Fundy, it also has app l ication to
identification of invertebrates along the northern Gulf of Mexico,
especially with respect to l itt oral species. There is presently no
other single book which provides keys which are useful for working
with east coast as well as Gulf coast invertebrates.
Thi s guide describes twenty major taxa, from Porifera to
Chordata . The treatment of each is in proportion to i t s representation in the fauna, so that classes Hydrozoa, Polychaeta, Gast ropoda,
Bivalvia (Pelecypoda) and Crustacea, and Phylum Echinodermata are
well-covered . The keys provided are generally composites of modular
works by other workers, with some modifications. Although they do
enable the student to identify specimens to family groupings, as in
the Polychaeta, there are some over-simplifications which make
identification of obscure genera difficult. For example, the pilargid
polychaetes include genera with a wide range of morphological characters ,
so that they are a difficult family t o key correctly . Although he c it es
Marian Pettibone's work (1966 . Proc.U . S . Nat . Mus. 118 : 155-208) on the
Pilargidae, Gosner describes only three genera from the east coast,
using about ten morphological characters. Papers by Pettibone, Olga
Hartman and others are necessary for accurate polychaete identifications.
One of the best features of this book is the abundance of
s implified drawings and diagrams. These are effectively used to compare
f amily groups, as well as to pinpoint some important species characteri stics . Although simplified, such diagrams are ideal for the non - expert,
f or quick preliminary identification to order or family .
It is understandably impracticable to detail every family of
inver tebrates encountered in a book of this kind. Deficiencies like
those mentioned above are minor, since the serious investigator wil l
pursue more refined identification tools anyway . In the Gulf of Mexico,
for example, there is Hartman's work (1951 . Publ.Inst . Mar.Sci. 2:7-124)
on littoral polychaetes , and Jack Taylor's key to t he polychaetes of
Seahorse Key (unpublished) . More complete information on Gulf of Mexico
polychaetes is limited to single - fami l y or single-genus descriptions.
A more significant deficiency in Gosner's guide i s the absence of
any type of key to the Oligochaeta, Priapu l ida, and some other poorlyr epresented classes of invertebrates. The omission of keys for thes e
gr oups can be attributed to the fact that few species need be described
f rom the east coast. However, the book wou l d have greater value to
student s i f it did present comparative morphological characteristics
employed in the taxonomy of these groups. For example, the tubificid
oligochaete Tubifex tubi f ex i s very common in organically-enriched
(pollut ed) coastal waters , but is not described in thi s book . Gosner does,
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however, refer the reader to work in progress by R.O . Brinkhurst
and D.G. Cook on New England oligochaetes .
In summary, Gosner has prepared a worthwhile general guide
to most major east coast marine and estuarine invertebrates. The
keys which are inc luded should enable the non-taxonomist investigator to identify fauna to family groups most of the time, but
should not be used as final sources for species identifications .
Those interested in specific, detailed descriptions should refer
to the numerous references listed at the end of each chapter of
his book .

BARRY A. VITTOR
Marine Science Programs
University of Alabama
Dauphin Island, Alabama 36528

GUIDE TO THE COASTAL MARINE FISHES OF CALIFORNIA .

By Daniel J.
Miller and Robert N. Lea. State of California, Department
of Fish and Game, Fish Bulletin 157, 1972. 235 pp. 10 figs.,
many unnumbered illustrations.

This bulletin is a comprehensive identification guide to the
shall ow water marine fishes of California and includes many deep
water fishes.
The guide contains a key to the families of fishes and a list
of species with their description grouped by family. Large families
are arranged as couplet keys to the species. In addition to the keys,
there is an illustrated glossary of terms and an appendix listing
taxonomic comments and personal communication citations.
The keys are excellent. The key to the families uses outline
drawings to illustrate a typical member of nearly every family. In
the species accounts, almost every species is illustrated. Where
species keys are used, the illustrations, key couplets, and speci es
descriptions are placed together on facing text pages. Special identifying structures such as spines and cirri are illustrated by inserts
next to the species illustrations. Relative differences in the size
or shape of structures like gill rakers and nostril flaps are illustrated for both species of a couplet. Anyone who has used keys will
appreciate the careful attention that the authors have given to these
small details.
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\e description of many species includes counts, and
measur1ents. Vertebral counts are given for many species and
while 1is count is superfluous for most species identifications,
it is (tremely valuable as an aid for ident i fication of these
specie!in the stomach contents of larger fishes and as larval
or juv<ile forms in the plankton.
:think that the authors have incorrectly redefined the
term r te as ~sed i n their descriptions . In this guide, rare is
define<as those fishes that are infrequent in collections taken
in Cal:ornia. The term rare in a biological context means
numeridly scarce due to niche or habitat restrictions within a
specie~ange.
Most of the species defined as rare in this guide
are spdes which occur as stragglers in California, but are more
common n adjacent waters, or species that present some collection
problen This is a minor distraction .
1e guide is a useful tool for amateur and professional
biologx s ; it is so full of little bits of information that it has
a readme character . This reference piece should be found on many
shelves

DAVID M. DEAN
Univers: y of South Alabama
Mobile , llabama 36608
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